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(54) STAGE DEVICE AND EXPOSURE APPARATUS 

(57) A stage device surtaWe for exposure apparatus 
used to produce eemrconductor derces, ie movable in 
an area wider than the measurement area of interferom- 
eter for posHlon measurement and is capable of meas- 
uring the position with high precision. When a nrx)vablo 
stage (WST) moves from the position where the laser 
beams from laser interferometers (tSXl, 15X2, 15Y) 
are not apphed into the moacurement area of the laser 
interforomoter, the position of reference mark (MA) fs 
measured by a wafer alignmerrt sensor, and the meas- 
urement value measured by the laser interferometer is 
corrected based on the recuUe of the measuremom by 
the wafer alignment sensor. When another movable 
stage (U) enters the measurement area of the laser 
interferometer, the position of the reference mark (MB) 
is similarly measured by a wafor alignment sensor, and 
the measurement value measured by the laser interfer- 
ometer is conrected based on tho results of the meas- 
urement by the wafer alignment sensor. 
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Description 
TECHNICAL FIELD 

[0001] This invention relates to a etage device for s 
positioning a workpiece to be machined, for example, 
and to an cxpoGuro apparatus equjppod with this stage 
device and used in transferring a mask pattern onto a 
substrate in a lithographic process for manufacturing 
semiconductor devices, liquid crystal display devices, io 
thin film magnetic heads, and so forth. The present 
invention is particularly suitable for use in exposure 
apparatus having various mechanisms such as a mech- 
anism for measuring imaging characteristics. 

IS 

BACKGROUND AFTT 

[0002] High exposure precision is required of a 
batch exposure typo (stopper type] or scanning expo- 
sure type (step-and-scan type) of exposure apparatus so 
used in the manufacture of ssmioonducfor devices and 
the like. Accordingly, in the converttionaJ exposure 
apparatus, a movable mirror would be fixed to the side 
surface of aretide stage for carrying and positioning the 
reticle serving as a masK or to that of a two-dimonsion- ^s 
ally moving wafer stage for carrying the wafer serving as 
a cut>stratd, and a measurement beam would be 
directed at this movable minor from an interferometer 
such as a laser interferometer, the result of which was 
that the amount of movement of the stage was continu* 3o 
ously measured at all times, and the positioning of the 
stage could be carried out at high predsion on the basis 
of the measured values. Usually, vrith such a stage 
device, interferometers on three axes have boon used 
to measure dlcplacemertt in three degrees of freedom, 3$ 
consisting of the two-dimensional movement compo- 
nent and the rototfon component of the movable stage. 
[0O03] With such a conventional stage device, how- 
ever, measurement beams from the respective interfer- 
ometers had to be constantly directed at the movable 40 
minor in all regions of the maximum movement rango 
(movable range) of the movable stage, and because of 
this, the movabfo min^r had to be made larger than the 
movable range so that it would continue to reflect the 
measurement beams from the interferometers even if 4S 
the mo^/aljie stage moved. 

[Q004] Consequently, a large movable mirror was 
needed if the movable range of the movable stage was 
to be expanded, and this inevitably led to the overall size 
of the stage being larger, which was a problem in that so 
the stage was heavier and therefore more difficult to 
move quicWy. AJso. machining a targe movable mirror to 
the required degree of flatness entails tremendous tech* 
nical difficulty, and fixing the movable mirror to the side 
of the movable stage without causing the mirror to bend ss 
also presents daunting technical diffculty. Unfortu- 
nately, a decrease in the flatness of the movsAjle mirror 
translates directly into a decrease in positioning preci- 
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sion of the stage by interferometer, so ultimately there is 
no choice but to limit the movable range of the movable 
stage. 

[0005] A stage device intended to solve this prob- 
lem is dfsdosGd in Japanese Patent Application Laid- 
open No, 7-253304, for example. With this disclosed 
stage device, the number of interferomeiers used Is 
greater (such as four axes) than the number of degrees 
of freedom in the displacement of the movable stage 
(such as three degrees of freedom), which allows the 
freedom of movement of a grven stage to be measured 
by the remaining interferometers even if the measure- 
ment beam from one interferometer should be outside 
the measurement range of the movable mirror. Once the 
movable mirror moves back into the measurement 
range of this one tnterferomoter that misses the mova- 
ble mirror, the moaeurement values from the remaining 
interferometers are set as the initial value for this one 
interferometer, which allows the amount of movement of 
the movat3fd stage to be measured by this one Interfer- 
ometer, and makes the movable min-or smaller than the 
movable range of the movable stage. 
[00O6] Also, with tnese conventional ei^osure 
apparatus, the exposure always has to be performed 
with the proper amount of exposure light and with the 
imaging characteristics maintained in a favorable state, 
30 a measuremam apparatus tor measuring the state of 
eDtposLB-e light irradiation and the like or for measuring 
the imaging characteristics, such as the projeaion n^g- 
nrfication. is provided to the reticle stage on which the 
reticle is positioned or to the waftf stage on which the 
wafer is positioned. Exanpfes of a moasurement appa- 
ratus provided to a wafer stage include an Irradiation 
quantity monitor for measuring the incident energy of 
exposure tight incident to the projection opticaJ system, 
and a spatial image detection system for measuring the 
position, contrast, etc., of a projected image. An exam- 
ple of a measurement apparatus provided to a reticle 
stage Is a reference plate on which is formed an index 
mark used for the imaging characterisbc measurement 
of the projection optcal system. 
[0007] With the above-mention od convwntional 
exposure apparatus, a measurement apparatus pro- 
vided to the reticle stage or the wafer stage was used to 
achieve the proper amount of exposure and to maintain 
higher imaging characteristics. Nevertheless, toda/s 
exposure apparatus also need to increase the through- 
put (productivity) of the exposure process in the manu- 
facture of semiconductor devices and the like. Ways of 
increasing throughput Indude increasing the exposure 
energy per unit of time, and raising the drive speed of 
the stage so as to shorten the stepping time with a 
batch exposure type or shorten the stepping time and 
the scanning exposure time with a step-and-scan type. 
[0008] To thus increase the drive speed of the 
stags, a drive motor whh a larger output is used if the 
size of the stage system is not to be changed, and con- 
versely to increase the drive speed with a drive motor of 
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the 6ame output as in the past, the stage system must 
be made more conrpact and lightweight, tn the fomner 
case, however, the use of a drive motor with a larger 
output increases the amount cf heat gen^ted from the 
drive motor, TTiis iraease in the amount o^ heat causes 5 
subtle l^ermal deformation in the stage system, which 
could conceivably preclude obtaining the high positional 
precision required of the exposure apparatus^ In view of 
this, the tatter case, namely, making the stage system 
as corrpact arxJ lightweight as possible, is the prefers- 
ble way to increase drive speed. 
[0009] Particularly with a step-and-scan type of 
exposure SLpparatus. a higher drive speed shortens the 
exposure scanning time and greatty improves the 
throughput, and another advarrtage is that synchroniza- is 
tion precision between the retide and wafer is enhanced 
by making the stage system more compact as are 
imaging performance and alignment precision, h is diffi- 
cult, however, to make the stage more compact when 
various measuremeri apparatus are proy/lded to the ret- so 
ide stage or wafer stage as in the past. 
[001 0] Furthermore, when a measurement appara- 
tus for measuring the state of exposure light, imaging 
characteristics, or the like is provided to the reticle stage 
or wafer stage, a hoot source such as an amp is usually 2s 
attached to this measurement apparatus, and the tem- 
perature of this measurement apparatus is gradually 
raised by irradiation with the exposure light during 
measurement As a result, there is the danger of subtle 
thermal deformation in the reticle stag© or wafer stage $0 
and a deterioration in positioning precision, alignment 
precision, and so on. At present, the deterioration in 
posiboning precision and the like caused by the ele- 
vated temperature of a measurement apparatus is 
slight, but as the drcuit patterns of semiconductor ss 
devices and so forth become even finer in the future, the 
need to minimize the effect of high measurement appa- 
natus temperatures rc expected to grow: 
[0011] In regard to this, the length of tho nnovable 
min'or can be reduced compared to tho movable range 40 
of the movable stage by using the stage dovfco dis- 
closed in the above-mentioned Japanese Patent Appli- 
cation Laid-Open No. 7-253304, but this contributes little 
to making the. movable stage itself more compact 
Therefore, another way is needed to improve through- 4S 
put in the exposure step and reduce tha effect of the 
irradiation heat of the exposure light. 
[0012] In addition to improving throughput there is 
also a nood to inprovo resolution, depth of focus (OOF), 
line width control precision, and so forth with an expo- so 
sure apparatus, and particularly a projection exposure 
apparatus. When the exposure wavelengtii Is K and the 
number of apertures in the projection optical system is 
N.A.. then the resolution R is proportional to X/N.A., and 
the depth of tixus DOF is proportional to >J{N.A.f, ss 
Accordingly, merely reducing the exposure wavelength 
K ana increasing the number of apertures N, A. in omer 
to inaease the resolution R (make the value of R 



smalier) results in a depth of focus DOF that is too 
small. 

[001 3] This necessitates the formation on the wafer 
of a pattern that combines a periodic pattern, such as a 
line and space (US) pattern, with an Independent pat- 
tern, such as a contact hole (CH) pattern, in order to 
manufecture a device. As to periodic patterns, for 
instance, a technique for increasing resolution by nar- 
rowing the depth of focus by the so-called modified illu- 
mination method has recently been developed, as 
disclosed in Japanese Patent Application Laj'dOpen 
Na4-225S14. The phase shift reticle method has also 
been developed. Similarly, regarding independent pat- 
terns, a technique has been developed for substantially 
increasing depth of focus and the like by a method such 
as controlling the coherence factor of the illuminating 
light 

[001 4] In light of these technological trends, double 
exposure is being given a second took as a method for 
increasing resolution substarrtidlly without making the 
depth of focus too deep. Specifically, when the double 
exposure method is applied, the reticle pattern used for 
a certain layer is split into a plurality of reticle patterns 
according to the type in question, and each pattern is 
exposed under its own optimal illumination and expo- 
sure conditions, which results in an overall broad depth 
of focus and a high resolution. Recentiy. this double 
exposure method has been applied to a projection 
exposure apparatus in wtiich a KrF excimer laser or an 
ArF excimer laser is used as tiie exposure light, and 
there have been attempts at exposing a pattern for a 
device including an US pattern with a line width down to 
just 0.1 \Lm. 

[0015] However, when this double exposure 
method is applied to a projection exposure apparatus 
having a single wafer stage, the alignment, exposure, 
and other such steps have to be repeatedly carried out 
in series, which is a drawtxack in that throughput suffers 
markedly. In view of this, there has been proposed a 
projection exposure apparatus with which alignment 
and exposure can be carried qui in parallel. However, 
v4ien a plurality of wafer stages are thus provided, if an 
attempt Is made to measure the positions o>f the mova- 
ble stages of tho walor stages wrth a single interferom- 
eter, then the measurement beam of the conrecponding 
imerferometer will be interrupted when The movable 
Stages move a considerable distance, so when the vari- 
ous movable stages are positioned at the exposure 
position alternately, for example, it is difficult to position 
the nnovable stages quickly and with good reproducibil- 
ity. 

[0016] In light Of the above, It is a first object of the 
present invention to provide a stage device having a plu- 
rality of functions, wherein the moving components are 
made smaller while still allowing these plurality of func- 
tions to be executed, so that tiiese moving components 
can bo moved quickly and their positions can be meas- 
ured at high precision and with good reproducibility. 
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[0017] It is a second object of the present invention 
to provide a stage d^ce with which the moving compo- 
nents can bs qurcWy moved to their respective target 
positions with good reproducibility when a plurality of 
moving components are provided so that double eotpo- 
sure or another such method can be performed. 
[0018] (t is a third objact of the present invention to 
provide an exposure apparatus equipped with such a 
stage d^ioe. with which the moving components for 
positioning the reticles or wafers can be made smaller 
while preserving the function of measuring the charac- 
terrstlcs in the transfer of the reticle patterns, the imag- 
ing characteristics of the projection optical system, or 
the like. 

[0019] It is a fourth object of the present invention to 
provide an exposure apparatus equipped with such a 
stage dance, with which double exposure or another 
such method can be performed at a high Throughput 
[0020] It is a fifth object of the present invention to 
provide a positioning method with which posrtioning can 
bo carried out quickly using a stage device such as this. 
'\^_^" [0021} It is a sixth object d the present invention to 
provide a stage d^ice with which position moacure- 
ment can be perfonmed at high precision by interferom- 
eter method over a range wider than the movable mirror 
(or equivalent mirror surface), and as a result, the mov- 
ing contponents can be made more compact, as well as 
an exposure apparatus equipped with this stage device, 
and a positioning method that makes use of this stage 
device. 

[0022] It is a further object of the present invention 
to provide a method for manufacturing a device uang 
the above-merrtioned exposure apparatus. 

DISCLOSURE OP THE INVE^mON 

[0023] The first Stage device ocoording to the 
present invention comprises a plurality of movatsle 
stages (W$T, 14) disposed on a specific movement 
plane so as to be movatate irxlependently of each other; 
a first measurement system (15X1, 15X2, 1SY) which 
measures within a predetermined measurement range 
a posftion of one of the plurality of movable stages: and 
a second measurement system (16. 17A, 17B) which 
measures an annount of positionaJ deviation of each of 
iho plurality of movable stages from a predetermined 
reference posflion within the predetermined measure- 
ment range, or the degree of coinddence of each of the 
plurality of movable stages with respect to this reference 
position; wherein a measurement value obtained with 
the first measurement system is corrected on the basic 
of e measurement result of the second measurement 
system. 

[0024] With this first Stage device of the present 
irrventk>n. when a plurality of functions such as eoqpo- 
sure and characteristic maasurement are to be exe- 
cuted, a plurality of movable stages (moving 
componerrls) are provided, each of which is allocated to 



a different function (or group of a plurality of functions) 
of the functions. This allows each movable stage to be 
smaller, so it can be moved more quickly However, if a 
plurality of movable stages are merely provided, and a 
5 relative displacemem measurement system such as a 
uniaxial laser interferometer is provided as the first 
measurement system, then the measurement beam of 
the laser interferometer will be intenupted if each mov- 
able stage nrtoves a considerable distance, so some 
10 kind of starting point setting operation is required. In 
view of this, with the present invention a second meas- 
urement system (ie, 17A. 17B) is provided as a kind of 
absolute value measurement system. 
[0025] When one movable stage (WST) among the 
16 plurality of movable stages enters the measurement 
range of the first measurement system from outside this 
measureme/fi range, the amount of positional deviation 
of that movable stage from a predetermined reference 
posftion wHhin the predetermined measurement range, 
20 or the degree of coincidence with respect to this refer- 
ence position, is measured by the second measurement 
system, and this posittonal deviation, for example, is 
preset to the measuremerrt value obtained with ihe first 
measurement system, so that the measurement value 
2S olJtained with the first measurement system conectly 
indicates the posiiton of this movable stage in a form 
with good reproducibility Or. when the second meas- 
uremanl system measures the degree of coincidence 
(such as the coincidence of two rarxiom patterns), if this 
50 degree of coincidence is over a Specific level, the meas- 
urement value of the first measuremerrt system fs reset, 
or is preset to a specif ic valua As a resutl. the movable 
stages are positioned at high precision, quickly, and with 
good repnxludbilrty. 
35 [0026] The second stage device according to the 
presem invention comprises a plurality of movable 
stages (WST1, WST2) disposed in a specific movement 
piano so as to be movatste independently of each other, 
and a first meacurGment syctem (87Y3) which meas- 
40 ures within a predetermined first measurement range 
the position of one of the plurality of movable stages, 
wherein this stage device further comprises a second 
measurement system (87Y2, e7Y4) which continuously 
measures the positions of the plurati^ of movable 
stages within a predetermined second measurement 
range partaily overlapping the first measurement 
range, and a control system (30) which corrects the 
measurement results of the first and second measure- 
ment systems on the basis of the measurement results 
of these two measurement systems. 
[0027] With this second stage device of the present 
Invention, a plurality of stage devices (WSTi , WST2) 
are provided in order to perform double exposure, for 
exampla As a result if a uniaxial laser interferometer Is 
used as a relative displacement meacuromom cyslem, 
for example, then the maasuremont beam of this lacor 
interferometer will miss its mark if the movable stage 
should move a considerable distance, so the problem is 
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how to position the movaWe stages in a reproducible 
form. Ttie present invention deals with this by using the 
uniaxial (or nnultiaxiaJ) laser interforomelef serving as 
the relative displacement measurement syslem as the 
first measurement system as well. Then, when one of 
the plurality of movable stages enters the second meas- 
urement range from the first measurement range, for 
example, the posibon o\ that movable stage is sinuitta- 
neously measured by the first and second measure- 
ment systenns, the meacurod valuo of the first 
measurement system is corrected according to the 
angle of notation of that mowable stage, and this cor- 
rected value Is preset to the measured value of second 
measurement system, which transfers the measured 
value of the first measurement system to the second 
measurement system. Thereafter, that movable stage 
can be portioned at high precision and with good repro- 
ducibiitty using this second measurement system. 
[0028] In tNs case, the first and second measure- 
ment systems may use the degrees of interference 
(integer) Nl and N2 and the phases (rad) ^1 and ^2 
(with a heterodyne interfarence method these corre- 
spond to the phase difference between a referertco sig- 
nal and tha measurement signal . for instance), and the 
function f(X) of the wavelength 1. of the measurement 
beam, to measure the position of a movable stage in tho 
form of f(;L){N1 + ^1/(2n)) and fCX){N2 + ^2/(2ic)} . 
When measurement with tho second measurement sys- 
tem is possible and tha position of a movabfe stago is 
measured simultaneously by the f ir^ and second meas- 
urement systems, it is prefcraWG to estimate the degree 
of intorforonco N2' and the phase of the second 
measurement system from the measured values of the 
first measuremerrt system and the angle of rotation of 
the movable stage, and to dotormino tho preset value of 
the degree N2 of the second measurement system from 
tho 609*00 U2\ tho phase ^\ and the phase ^ meas- 
ured by the second measurement system. From there 
on, the measured value of the second measurement 
system is treated as 1{X)[f^2 -t- ^2J{2n)) . so even if 
there is a certain amount of discrepancy in the meas- 
urement of the angle of rotation of the movaWe stage, 
the position of that movable stage can be measured at 
the reprodudble precision inherent 10 the secorvj meas- 
urement system. The function f(x) is Xfm. using an tnte- 
gor m of at loact 2 ao on example, 
[D029] The first exposure apparatus acconding to 
tha present invention is an e>cposure apparatus 
equipped with tha stage device of the present invention, 
whtf ein masfG (R1 and R2) on which mutually different 
patterns are formed are placed on a plurality of movable 
stages (R5T1 and RST2) of this stage device, and the 
patterns of the maste on this plurality of movable stages 
are alternately transferred to a substrate (W1) whilo 
positioning is bo<ng performed. 
[0030] With this first exposure apparatus of the 
present invention, exposure car? be porformed using the 
double eeicposure method, and resolution and depth of 
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focus can be increased. Also, because the stage device 
of the present invention is used, if the position of a mov- 
able stage is 1o be measured by laser interferometer, for 
instance, the movable mirror installed on that movable 

5 stage can be smaller than the movable range of the 
movable stage, and this allows the movable stage to be 
lighter. It is therefore easier to move the movable stage 
quickly and this affords a higher throughput, 
[0031] The second exposure apparatus according 

10 to the present invention is an exposure apparatus 
equipped with the stage device of the present invention, 
in which a nrask (R) is placed on a first movable stage 
(RST) of a plurality of movable stages (RST 5) of this 
stage device, a characteristic measuremem apparatus 

IS (6) which measures the characteristics in the transfor of 
a pattern of the mask is placed on a second movable 
stage (5). and tho pattom of the mask (R) is transferred 
onto a substrate (W). 

[0032] With this second exposure apparatus of the 

20 present invention, the first movable stage (RST) origi- 
nally used for exposure is given the minimum function 
needed for exposure, which eJlows this first movable 
stago to be kept to the minimum required size, so the 
Stage can bo more compact and lighhveight, and 

2S throughput can be increased. Meanwhile, the character- 
istic measurement apparatus (6) for measuring charac- 
teristics in the transfer of the pattern ol the mask (R), 
which is not directly required for exposure, is mounted 
on a separate second movable stage (5). allowing char- 

30 aderistics to be measured in the transfer of the mask 
pattera Also, the use of the stage device of the present 
invention allows the positions of a plurafrty of movable 
stages to be measured to high precision. 
[0033] The third exposure apparatus acoonfing to 

3S tha present Invention is an exposure apparatus 
equipped with the stage device of the present invention, 
in which sut}strates (Wi and W2) are mounted on a plu- 
rality of movable stages (WST1 and WST2) of tho stage 
device, and the plurality of substrates are after nately 

40 exposed with mask patterns while the plurafrty of mova- 
ble stages are alternately positioned at the exposure 
position. 

[0034] With this third e>poGure apparatus of The 
present tnvemfoa while the exposure is being carried 

45 out with one movable stage (WST1) out of the plurality 
of movable stages (WSTi and WST2), substrates can 
be conveyed in and out artd aligned with the other mov- 
able stage (WST2), which inaeases throughput. Also, 
the use of the stage device of the present Invention 

so allows the positions of the plurality of movable stages to 
be measured to high precision. 
[0035] The fourth exposure apparatus according to 
the present invention is an exposure apparatus 
equipped with the stage device of the present invention 

65 and a projection optical system (PL), in which a sub- 
strate (W) is placed on tho first movable stago (WST) of 
the plurality of movable stages (W3T, 14) of the stage 
d^ce, a characteristic measurement apparatus (20) 
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which measures ihd imaging characteristics of the pro- 
jection optical system is placed on tho second movable 
stage (14J, and the substrate on the first movable stage 
is exposed with a predetermined mask pattern via the 
projection optical system. 

[0036] WHh this burth exposure apparatus of the 
present invention, the first movable stage (WST) origi- 
nally used for exposure is given the minimum function 
needed for exposure, which allows this first movable 
stage (WST) to t>e more compact and lightweight and 
increases ihroughput. Meanwhile, the characteristic 
measurement apparatus (20) for measuring the imaging 
characteristics of the projection optical system, which is 
not directly required for eiqsosure. is mourned on a sep- 
arate second nrovaWe stage (14). so imagining charac- 
teristics can also be measured. Also, the use of the 
stage device of the present invention allows the posi- 
tions of a plurality of movable stages Id be measured to 
high predsion. 

[0037] The first positioning method according to the 
present invention is a positioning method that makes 
use of the stage device of the present invention, in 
which when one movable stage (WST) out of the plural- 
ity of movable stages (WST 14) enters the measure- 
ment rang© of the first measuremeni system, the 
amount of positional deviation of the movable stage 
from a specific reference position within the specific 
measurement range, or the degree of coincidence with 
respect to this reference position, is measured by The 
second measurement system, and the measurement 
value ofcrtained with the first measurement system is 
con-octod on the basis of the measurennent result of the 
second measuremem system. This positioning method 
allows the pluralhy of movable stages to be positioned 
at high predsion easily and with good reproducibility. 
[0038] The second posilioning method according to 
the present inverrtion Is a positioning method that 
makoc use of tho stage device of the present invention. 
In which when one movable stage out of the plurality of 
nrwvable stages (WST1 and W$T2) enters the first 
maasuroment range from tfie second measurement 
range» the position of the one movable stage is simulta- 
neously measured by the first and second measure- 
ment systems, and the measurement result of the first 
measurement cydcnr) is matched on the basis of these 
measurement result of the position to the measurement 
result of the second measurement system. This posi- 
tioning method allou/s the plurality of movable stages to 
bo positioned at high precision easily and with good 
reproducibility 

[0039] Tho third stage device according to the 
present invention is a stage device comprising a mova- 
ble stage (WST2) that is rnovable at a predetermined 
degree of Ireedom; an interferometer system which 
measures an amount of displacement d tha movable 
stage by directing a measurement light at the movahe 
stage and causing the reflected tight thereof to Interfere 
with a reference light, in which the interferomeier sys- 



:313 377£ 2300 # 7/ 37 




041 357 A1 10 

tern has a piuraWy of measurement axes (92Y4 and 
92Y3j of the measurement light and is disposed such 
that even if one (92Y4) of the plurality of measurement 
axas should diverge from the movable stage, the 
5 amount of displacement can still be measurod by the 
other moacurement axis (g2Y5); and a signal process- 
ing system (38) with which, when the one measurement 
axis (92Y4) changes from the state of diverging from the 
movable stage to a state of irradiating the movable 
?3 ctago. the degree ol irrterference of this one measure- 
ment axis is estimated from the measurement result for 
the other measurement axis (92Y3), and the initial value 
of the one measurement axis is set on the basis of the 
estimated degree of interference and the phase meas- 
rff ured with the one measurement axis. 

[0040] With this third Stage device, the surface of 
the movable stage (WST2) irradiated with the measure- 
ment light is either a flat mirror surface, or a flat movable 
mirror (movable planar mirror) is fixed to this frracfiated 
20 surface. As to the phase within one fringe of the onty 
measurement axis, when the initial value for this one 
measurement axis, with which reflected light from the 
movable mirror (or mirror surface) can once again be 
obtained, is set on the basis of the interferometer princi- 
2S pie whereby measurement can be performed with this 
one measurement axis (tsetf, the interference degree 
arxj fraction of this one measurement axis aro esti- 
mated from the measured value obtained for another 
axis, and the initial value for this one measurement axis 
so is determined on the basis of the estimated irTlorfcrence 
degree and fraction and the phase measured for this 
one measurement axis (tho absolute phase within one 
fringe). 

[0041] The principle involved when the piesent 
QS invention Is applied to a fringe count type of laser inter- 
ferometer will now be described. The length Lx meas- 
ured with this interferometer is expressed by the 
following equabon. 

^0 Lx = (X/m) • (Nx+ioc) 

I004ZJ Here» Nx is the interference degree (integer), 
ex is the fraction obtained by dividing the phase ^ by 2n, 
X is the wavelength of the imefferometer, and m is the 
45 number of regressions of the interferometer optical path 
(at a single, m = 2, at a double pass, m = 4). Because X 
and m are known, Nx is determined by counting the 
fringes according to the movement of the movable rrur- 
ror. and the fraction cx witfiin one fringe can be meas- 
£c ured at a resolution of about 1/100 by various 
intanpolation methods. Therefore. Lx can ultimately be 
measured at a resolution of about xy(iOO • m). In the 
above-mentioned setting of the initial value for the one 
measurement axis, Nx is unknown t>ecause the meas- 
ss urement beam has diverged from the movable mirror. 
Nevertheless, since the fraction cx (phase) can always 
be measured on the one measuremeni axis, if the 
degree N is found by calculation from the measured 
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value of another measurement axis, then the initial 
value of the one measurement axis can be set at a pre- 
cision unique to each measurement axis. 
[0043J In this case, the prectsicn at which the meas* 
ured length Lx is determined in setting the initial value $ 
from the other measurement axis should be high 
enough !o aJfow the degree of interference Nx to be 
determined accurately, and in more specific terms 
should be ± X/(2m) or less. Here, if the Interferometer 
system has, far example, a plurality of measurement 10 
axes at a right angle to the abowe-menftioned meacure- 
menl axis, the angle of rotation of the movable stage 
can be mcosurod at high precision using these meas- 
urement axes. Therefore; the angle ci rotation of the 
movable stage can be used to estimate the degree Nx is 
of the one measurement axis at high predsion from the 
measured value of the above-mentioned other meas- 
urement axis. 

[0044] The only difference when the present irifven- 
tlon Is applied to a heterodyne interference type of laser 20 
interferometer ts the way the phase is measured, and 
everything else is basically the same as the fringe count 
method. A hoterodyne interference method irrvolves 
integrating the change in phase (absolute phase) of the 
measured interference signal {measured beat signal) 2S 
with respoa to a reference interference signal (refer- 
ence beat signal). This absolute phase corresponds to 
the phase ^ in the fringe count method. 
[0045] Next, the positioning method that makes use 
of the third stage device of the present inverrtion com- 30 
prises estimating the phase of the one measurement 
axis from the measured value of iho other measurement 
axis in The estimation of the degree of interference of the 
one measurement axis from the measured value of the 
other measurement axis; comparing this estimated $5 
phase ID the phase measured for tho one measurement 
axis; and cojrecting the estimated value of the degree of 
interference of the one measurement axis on the basis 
of this comparison result. This keeps the degree of 
interference N from being incorrectly estimated ± 1 . 40 
[0046] The fifth exposure apparatus of the present 
invention is equipped with the third stage device accord- 
ing Che invention, and positions a mask or substrate with 
this movable stage. \A/ith this esq^osure apparatus, the 
movable stage is more compact and can be driven at a 46 
higher speed, wt^ch increases the throughput of the 
exposure etepi 

[0047] The method of the presem invention for 
manufacturing a device includes a step of using one of 
the above-mentioned exposure apparatus of the so 
present invention to transfer the pattern of a mask onto 
a substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

£S 

[0048] 

Fig. 1 is a simplified structural diagram of a projec- 
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tion optical system in the first embodiment of the 
present invention: 

Fig. 2 is a plan view of the wafer stage WST and 
measurenrwnt stage 14 in Pig. 1 ; 
Fig. 3 is a plan view of the reticle stage RST and 
measurement stage 5 in Fig. 1 ; 
Fig. 4 is a plan view provided to describe the meas- 
uremem of the state of exposure light or the like 
using the measurement stage 1 4 in the first embod- 
iment; 

Rg. 5 is a simplified structural diagram of a projec- 
tion optical system in the second embodiment of 
the present invention; 

Fig. 6 is an obfique vnew of the positional relation- 
ship between the two wafer stages WST1 and 
WST2, the two reticle stages RSTI and RST2. the 
proiaction optical system PL1. and the aJigrment 
systems 88A and 88B in the embodiment of Fig. 5; 
Rg. 7 fs a plan view of the structure of the drive 
mechanism of the wafer stage in Rg. 5; 
Fig. 8 is a diagram illustrating the measurement 
value setting of an interferometer as performed in 
the second embodiment of the present invention; 
Fig. 9 is a diagram illustrating the sin^lified struc- 
ture of part of the signaJ processing system used in 
the interferometer system of the second embodi- 
ment of the present invention: 
Rg. 10 is a diagram of an example of signal 
processing in the interferometer system of the sec- 
ond embodiment of the present invention. 
Fig. 1 1 is a plan view of the use of the two wafer 
stages WSTi and WST2 in the wafer exchange and 
alignment sequence and in the exposure 
sequence; and 

Rg. 1 2 illustrates the switching between the wafer 
exchange and alignmerrt sequence and exposure 
sequence in Fig, 11. 

BEST MODE FOR CARRYING OUT TXE INVENTION 

[0049] A preferred first embodiment of the present 
invention will now be described with reference to Rg- 
uroG 1 to 4. TWs is an example of applying the present 
invention to a step-and-scan type of projection exposure 
apparatus. 

[0050] Rgure 1 illustrates tho projection exposure 
apparatus in this example. In Figure 1 . exposure tight IL 
is emitted during eoposure by an ilkjmination system 1 
including an exposure light source, a beam shaping 
optical system, afty-eye lens for making the illumination 
distribution uniform, a fight quantity monitor, a variable 
aperture stop, a field stop, a relay lens system, and so 
ferth. This light IL illuminates a slit-shaped illumination 
region of the pattern side (tower side) of a retid e R via a 
mirror 2 and a condenser lens 3, This exposure light lU 

can be excimer laser light such as KrF (248 nm wave- 
length) or ArF (193 nm wa*/elengih), a higher harmonic 
wave from a YAG laser, an i-ray from a mercury vapor 
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lamp (365 nm wavaJength), or the like. The illumination 
system 1 is designed so thai the variable aperture stop 
thereof can be switched to atlow seloction of the desirod 
illumiralion method from among ordinary illumination 
methods, zona) illumination. so<aIled deformation illu- 5 
mination, illumination with a smalJ coherence factor (a 
value), and the like. When the exposure light source is a 
laser light source, the emission timing thereof and other 
such factors are controlled by a main control system 10 
for the general control of the operations of the apparatus 10 
as a whole via a laser fight power (not shown). 
10051] The image of the pattern in the illumination 
region 9 (see Figure 3) produced by illumination of this 
closure fight tL on the reticle R cs reduced by a projec- 
tion magnification p (p is V4. i^. or another such fac- te 
tor) via the prqection optical system PL, end is 
projected onto a slrt-shaped exposuro region 12 on a 
water W that has been coaled with a photoresist, in tfie 
fdlcwing description, ih© 2 axis esetondc parallel to the 
optical axis AX of the projection optical system PL, the 20 
X axis follows a non-scanning direction perpendicular to 
the scanning direction of the v^/afB* W and the reticle R 
during scanning exposure in a vertical plane (that is. it 
goes in a direction perpendicular to the viewing plane of 
Figure 1), and the Y axis follows the scanning direction 2s 
(that is. the directian parallel to the paper plane). 
[0OS2] Rret, tho reticle R ic vacuum chucked to the 
reticle stage RST and the ret'cle stage RST is placed 
on two guides 4A and 4B (disposed in paralleQ such that 
it can move In the Y direction via an air bearing, in this so 
example, the measurement stags 5 is placed on the 
guides 4A and 4B such that i1 can move in the Y direc- 
tion via an air bearing independently of the reticle stage 
RST 

[0053] Fgure 3 is a plan view of the retlde stage os 
RST and the measurement stage 5. In Figure 3. the rei- 
ide stage RST and the measurement stage 5 are 
placed so that they are each driven in the Y direction 
(scanning direction) by a linear motor or the like (not 
shown) along the guides 4A and 4B extending in the Y tfo 
direction. The length of the guides 4A and 4B is set to 
be greater by at least tho width of the measurement 
stage 5 than the movement stroke of tho reticle stage 
RST during scanning exposure. The reticle stage RST 
comprises a corrtinab'on of a coarse rrtoving stage that 46 
moves In the Y direction and a fine moving stage with 
which the two-dimensional position on this coarse mov- 
ing stage can bo fine tuned. On the reticle stage RST is 
fixed a pair of reference mark plates 1 7C1 and 1 7C2 in 
a poshional relationship that sandwiches the retide R in so 
the X direction, and two-dimensional plus-shaped (for 
example) reference marks MCl end MC2 are formed in 
the reference mark plates 17C1 and 17C2, respedively. 
The positional relationship of the reference marte MCi 
and MC2 to tiio original pattern of (h© reticle R is meas- ss 
ured ahead of time with high precision and recorded in 
the memory componert of the main control system ia 
[0054] A reference plate 6 composed of a slender 



(in the X direction) sheet of glass is fixed over the meas- 
urement stage 5, and a plurality of index marks IM for 
measuring the imaging characteristics of the projection 
optical system PL are formed on the reference plate 6. 
The reference plate 6 is big enough to cover the slit- 
shaped illumination region 9 of the exposure light on the 
reticle R, or more accurately, to cover the field of vision 
in the X direction on the reticle R side of the projection 
optical system PL. Use of the reference plate 6 elimi- 
nates the need to ready a dedicated reticle for measur- 
ing Imaging characteristics and saves the lime that 
would otherwise be spent repladng the dedicated reti- 
de and the exposure light retide R. so imaging charac- 
teristics can be measured at high predsion aruj 
changes In the projection optical system PL over time 
can be accurately tracked. The measuramerrf stage 5 is 
provided with a positioning mechanism used within a 
fine range in the X direction fthe non-meacurement 
direction). A pair of reference mark plates 17D1 and 
17D2 is fixed on the measurement stage 5 so as to 
sandwich the reference plate 6 in the X direction, and 
two-dimensional plus-shaped (for example) reference 
marks MDl and MD2 are formed in the referenco mark 
plates 17D1 and 17D2. respectively. The positional rela- 
tionship of the roferonco marks MDl and MD2 to the 
plurality of index marks IM is also accurately measured 
ahead of time and recorded in the memory oorrponent 
of the main control cyctem 1 0. 
[0055] Thus, in this example, the measurement 
stage 5 for the reference plate 6 is provided independ- 
ently from the reticle stage RST, and no other measure- 
ment member besides the retide R is placed on the 
original reticle stago RST. Specifically, the reticle stage 
RST is only provided with scanning and positioning 
functions, which are the mlrtlmum requirement for scan- 
ning exposure, so tho rolide stage RST is more com- 
pact and lightweight. Therefore, the reti'de stage RST 
can be scanned at a higher speed, and this increases 
the throughput of the exposure step. Particularly in the 
case of reduced projection, the scanning speed of the 
reticle stage RST Is l/p times the scanning speed of tho 
wafer stage (such as 4 or 5 times), so tho upper limit to 
the scanning spoed Is more or less determined by the 
reticle stago, In v^ich case the increase in throughput is 
particularly great. 

[0056] Alco. a laser beam is emitted from a laser 
interferometer 7Y disposed in the +Y direction with 
respect to the guides 4A and 4B and directed at a mov- 
able minor 24Y on the side surface in the +Y direction of 
the retide stage RST. A laser beam is emitted from biax- 
ial laser imerferometers 7X1 and 7X2 disposed in the 
+X direction and directed at a movable mirror 24X on 
the side surface in the -fX direction of the retide stage 
RST The X coordinate, Y coordinate, and angle of rota- 
tion of the retide stage RST are measured by the laser 
interferometers TY. 7Xl. and 7X2. the measurement 
values are supplied to tho main control system 10 in 
Figure 1, and the main control system 10 controls the 
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speed and position erf the reticle stage RST vta linear 
motors Of the like on t)e Isasis of these measurement 
values. A laser beam is also emrtted from a laser inter- 
ferometer BY cfisposed In the -Y direction with respect to 
the guides 4A and 4B and directed at a movable mirror 
2SY on the eide surface in the -Y direction of the meas- 
urement stage 5. and the Y coordtr^te of the measure- 
merrt stage 5 as measured by the laser interferometer 
8Y is supplied to the main contnol system 10. The opti- 
cal axes of the Y axis laser imerferometers 7Y and BY 
each pass through the center of the iliuminaiion region 
9 in the Y direction, that is. through the optical axis AX 
of the projection optica! system PL, and the laser inter- 
ferometers 7Y and 3Y measure the positions of the ret- 
icle stage RST and the measurement stage 5 in the 
scanning direciion at all times. 
[0057] The perpendicular side surfaces of the refr- 
de stage RST may be mirror finished and these mirror 
surfaces may be considered to be the movable mirrots 
24X and 24y, and the perpendicular side surfaces of the 
meacurement stage 5 niay also be mirror finished and 
these mirror surlaces nwy be considered to be the mtv- 
able mirrors 25X and 25Y. 

[OOSfi] In this example, as shown in Rgure 1 . a pair 
of reticle alignment miaoscopas RA and RB may bo 
disposed abo^e the reticle R tor delecting the amount of 
positional deviation of an aiignmem mari^ (reticle mart<) 
formed on the reticle R from a reference mark (not 
shewn) on the corresponding vrafer stage. The straight 
line passing through the detection centers of the reticle 
alignment miaoscopes RA and RB is parallol to the X 
axis, and the center of these detection centers matches 
up with the optical axis AX In this example, the reticle 
alignment microscopes RA and RB corresponding to 
the second meastirement system of the present inven- 
tion (absolute value measurement system) are used to 
detert the positions of the reference marks MCl and 
MC2 on the reticle stage RST and the reference marks 
MD1 and MD2 on the measurement stage 5 as shown 
in Figure 3. 

[0059] If the reticle stage RST should be shuntad in 
the +Y direction during measurement of imaging char- 
aclorictics and the measurement stage 5 moved in the 
Y direction so that the reference plate 6 more or less 
covens the iitumination region 9, then the laser beams 
from the laser inierferomecers 7X1 and 7X2 will diverge 
from the side surface of the reticle stage RST and illumi- 
nate the movable minror 25X in the +X direciion of the 
moasurement stage 5. At this poim the amounts of posi- 
tional deviation from the detection centers (fiefd center) 
of the refer erKe marks MD1 and MD2 on the reference 
plate 6 are delected by the reticle alignment micro- 
scopes RA and RB. respectively, and the main control 
system 10 in Figure 1 positions the measurement stage 
5 so that the centers of the referance marks MD1 and 
MD2 wni be symmetrical to the conecponding detection 
comers and tne amount of positional deviation wiii be as 
small as possible. In iWs state, tha measurement values 
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of the X axs laser interferometers 7X1 and 7X2 are 
resei. These measurement values may also be preset 
to a specrfic value. 

[0060] After this, the angle of rotation and position 
of the measurement stage 5 In the X direction are meas- 
ured at high predsion and with good reproducibility by 
the laser imerferometers TXl and 7X2. and tha position 
of the measurement stage 5 in the Y direction is con- 
stantly measured at high precision by the laser interier- 
' omcter 8Y. Therefore, the main oonlrol system 10 can 
precisely controi the posibon oi the measurement stage 
5 via linear motors or the like on the basis of these 
measurement values. Alternatively, instead of minimiz- 
ing the amounts of posiBonal deviation of the reference 
marks MDi and MD2 as above, the measurement val- 
ues of the laser interferometers 7X1 and 7X2 may be 
preset to corresponding values on the basis of these 
amounts of positional deviation. 
[0061] Meanwhile, the position of the reticle stage 
RST in the non-scanning direction is not maasurcxl dur- 
ing the above measurement, but if the reticle stage RST 
comes under the illumination region 9 for exposure, 
then the movatrfe mirror 24X of the reticle stage RST will 
once again be illuminated by the laser beams from the 
laser interferometers 7X1 and 7X2. Just as with the' 
measurement stage 5. the reticle alignment micro- 
scopes RA and RB are used to detea the amounts of 
positional deviation of the reference marks MCl and 
MC2 on the reticle stage RST from the detection cent- 
ers of the reticle alignment microscopes RA and RB. 
arxi the main contnol system 1 0 presets the measure- 
meri values of the laser interferometers 7X1 and 7X2 to 
specific values when the reticle stage RST has been 
positioned so that these amounts of positional deviation 
are symmetrical and at a minimum. After this, the angle 
of rotation and position of the reticle stage RST in the X 
direction are measured with good repnaducibility and 
the position in the Y direction is constantly measured by 
the laser interferometer TY. so the retido stage RST can 
be positioned at the desired podtion at high precision. 
Therefore, there is no Interruption of the laser beams 
from the laser interferometers 7Xl and 7X2, 
[0062] Returning to Figure 1 , the wafer W is held on 
the wafer stage WST via a wafer holder (not shown), so 
that the wi/afer stage WST is able b move in the X and Y 
directions via an air bearing over a surface table 13. A 
focus leveling mechanism for controlling the angle of 
inclination and theposibon of the wafer Win iheZdirec- 
tion (the focal position) is also incorporated into the 
wafer stage WST. The measurement stage 14, which is 
equipped with various measuemonl do/ices, fe placed 
on the surface table 13 such that It can move in the X 
and Y directions via an air bearing indopondently of the 
wafer stage WST A mechanism for controlling the focal 
position is also incorporated into the measurement 
stage 14 on the upper surface thereof. 
[0063] Figure 2 is a plan view of the wafer stage 
WST and the measuremem stage 14. In Figure 2, a 
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series of coils are embedded for exampfe in a specific 
layout inside the surface tab(e 13 on its top side, yokes 
and a series of magnets are embedded at the bottom of 
the wafer stage WST and the bottom of the moasure- 
ment stage 14, and the coils and corresponding mag- $ 
nets make up planar motors. These piarw motors 
independently control the angles of rotation and the 
positions of the wafer stage WST and the measurement 
stage 14 in the X and Y directions. Details of a planar 
motor are disdosed in Japanese Patent Application 
Laid-Open No.a-5l758, for instance. 
[0064] The wafer stage WST in this eocample is fur- 
nished with the minimum functions required for expo- 
sure. Spccfficalty, the wafer stage WST is equipped with 
a focus leveling functioa and a wafer holder (on the bet- re 
torn of the wafer W) for holding the wafer W by suction 
and a reference mark plate 17A on which a reference 
nark MA is formed for measuring the position of the 
wafer stage WST are provided on the wafer stage WST 
A /(sforonco mark (not shown) for reticle alignment is so 
also formed on the reference mark plata 1 7A. 
[0065] As shown in Figure 1 . a wafsr alignment sen- 
sor 16 of the type with which imaging is performed by 
Off-axis method for the alignment of the wafer W is pro- 
vided adjacent to the projection optical system PL The 2s 
detection signals of the wafer alignment sensor 16 are 
supplied to an alignment prucessing system in the main 
control system 10. The wafer alignment sensor 16 is 
used to measure the position of the alignment marks 
(wafer marks) provided to shot regions on the wafer W. so 
In this oxampto. the wafer alignment sensor 16 is used 
to detect the position of the reference marks MA on the 
wafer stage WST. for sKample. Specifically, the wafer 
alignment soncor 16 oonresponds to the second meas- 
urement system (absotute valuo moacurement system) S5 
of the present invention. 

[0066] The surface of the measurentent stage 1 4 is 
set at approximately the same height as the surface of 
tho wafer W on the wafer stage WST In Ffgure 2, to the 
moasuremeni stage 1 4 are fixed an illumination quarrtity 4o 
monitor 1 8 comprising a photoelectric sensor for meas- 
uring the energy (inciderrt energy) per unit of time for all 
of the exposure light that has passed through the pro- 
jection optical system PI, a brightness unevenness 
sensor 19 conprising a photoelectric sensor for meas- ^ 
uring ihe brightness dtstritaution within the slit-shapad 
exposure region 12 produced by the project'on optical 
system PL, a measurement board 20 on which are 
formed slits 21 X and 21 Y for measuring imaging char- 
acteristics, and a reference marker plate 1 7B on which so 
is formed a reference mark MB that serves as a posibon 
reference. The positional relationship between the refer- 
ence mark MB and the brightness unavenness sensor 
19, etc.. is previously measured at high precision and 
Stored in the memory component of the main contra! ss 
system 10 in Figure 1. The position of the refererK© 
mark MB I's qIso measured by the Mafer alignment sen- 
sor 16. 
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(0067] Condensing lenses and photoetectric sen- 
sors are disposed on the bottom surtaces of the X axis 
slit 21 X and. Y axis slit in the measurement board 20, 
and a spatial image detection system Is consthuted by 
the measurement board 20, the photoelectric sensors, 
and so forth. The edges of a rectangular aperture nray 
be used in place of the slits 21X and 21Y The light- 
receiving surface of the ilfuminalion quantity monitor IS 
is formed large enough to cover the exposure region 12, 
the light-receiving portion of the brightness unevenness 
sensor 19 is in the form of a pinhole, and the detection 
signals of the illumination quantity monitor 18 and the 
brightness une^enncss sensor 19 are supplied to the 
main control system 10 in Rgure 1. 
[0068] The detection signal of the photoelectric 
sensor at the bottom of the measurement board 20 is 
Supplied to the imaging characteristic computaton sys- 
tem 1 1 shown in Figure 1 . In this case, during the meas- 
uiement of the imaging charaaerislics of the projection 
optical system PL, the reference plate 6 on the meas- 
urement stage Son the rcticio side in Figure 3 is mo^ed 
to the illumination region 9, the Image of the index 
marks IM fDrmad on the reference plate 6 is projected to 
the wafer stage side, and this image is scanned in the X 
and Y directions wHh the Slits 21 X and 21 Y on the 
measurement tx>arti 20 while the detection signal from 
the photoelectric sensor on the bottom is taken in by the 
imaging characteristic computation system 11. The 
imaging characteristic computation system 11 proc- 
esses this detection signal and delects the position, 
contrast, and so forth of the index marks IM. determines 
from this detection result tho imaging characteristics 
such OS the planar curvature of the projectod image, 
distortion, and the best focal position, and outputs these 
to the main control system 10. Although not shown In 
the figures, there is also provided a mechanism for driv- 
ing a specifrc lens in the projection optical system PL to 
conect a specific imaging characteristic such as distor- 
lion. and the main control system 10 is designed so that 
the imaging characteristics of the projection optical sys- 
tem PL can bo corrected via this correction mechanism. 
[0069] The sorcors in Figure 2, such as the photo- 
electric sensors at the bottom the Illuminab'on quan- 
tity monitor 18, brightness uneveruness sensor 19. and 
measurement board 20 provided to the measurement 
slago 14, aro all connected to power sources, heat gen- 
erating sources such as an amp. or communications 
signal cables. Therefore, if these sensors aro mounted 
on the wafer stage WST used for exposure, there is the 
danger that the heat source attached to a sensor or ten- 
si on on a signal cable may adversely affect the posit'on- 
ing precision. There is also the danger that the thermal 
energy produced by irradiation with the exposure light 
during measurement of imaging characteristics and so 
torth may lead to lower positioning prdcision. To deal 
with this, in this example, these sensors a;e provided to 
tne measurement stage 14, which is separate from the 
wafer ctago WST used for exposure, so the wafer stage 



10 



01-n- EM6:05 \ im -r^ 




19 EP1041 

WST can be more compad and fightweight and this 
also prevents any decrease in positioning precision due 
to the thermal energy of exposure light during measure- 
ment or to a heat source o^ the sonsors used tor meoG- 
urcment. Furthermore, reducing the size of the wafer $ 
stage WST raises the vuafer stage WST movemait 
speed and corrtroilabillty, improves the throughput of the 
exposure Glep, and enhances positioning precision and 
the like. 

[0070] Msa a laser beam is emitted from a laser 10 
interferometer 15Y disposed In the -t-Y direction wth 
respect to the surface table 1 3 and direaed at a mova- 
ble mirror 22Y on the dde surface in the +Y direction of 
the wafer stage WST, a laser beam is emitted from biax- 
ial laser interferometers 1 5X1 and 1 5X2 disposed in the 16 
-X direction and directed at a movajole mirror 22X on the 
side surtace in the -X direction of the wafer stage WST, 
the X coordinate, Y coordinate, and angle of rotation of 
the wafer stage WST are measured by the laser intarfar- 
ometers ISY. 15X1, and 15X2. The measurement val- 20 
uos are supplied to the main control system 1 0 in Figure 
1, and the main control system 10 controls the speed 
and position of the v;afer stage WST via planar motors 
on the casis of these measurement values. Similarly, an 
X axis movat)le mirror 23X and a Y axis movable mirror ss 
S3Y are attached to the side surfaces of the measure- 
ment sitage U. The perpendicular side surfaces of the 
wafer stage WST may be mirror finished and those mir- 
ror surfaces conddored to be the movable mirrors 22X 
and 22Y, and similarly the perpendicular side surfaces 30 
of the measurement stage U may also be mirror fin- 
ished and these mirror surfaces considered to be the 
movable mirrors 23X and 23Y. 
[0071] During measurement of the inddert energy 
of the exposure light for instance, the laser beams used 55 
for measuring these positions are directed at the mova- 
ble mirrors 23X and 23Y of the measurement stago 1 A. 
[0072] Rgure d iOustrates an example of the layout 
of the wafer stage WST and the measurement stage 1 4 
during measurement of the incident energy of the expo- 40 
sure tight or the tike. If the wafer stage WST should be 
shunted to a positioned away from the ejqxsure region 
12 and the measurement stage 14 moved so as to 
come into the exposure region 12, tho laser beams from 
the laser interferometers 15X1, 15X2, and 15Y will <6 
diverge from the movable mirrors 22X and 22 Y of the 
wuafer stage WST and he directed at the movable mir- 
rors 23X and 23Y of the measurement stage 14. At this 
point the measurement stage 14 is movod so that the 
reference mark MB on the measurement stage U will eo 
enter the field 16a of the wafer alignment sensor 16 
shown in Figure 1, and the angle of rotation of tho 
measurement stage 1 4 is acfiusted so that the measure- 
mer\t values of the biaxial X axis laser interferometers 
15X1 and 15X2 will be the same. In this state, the ss 
amount of positional deviation from the detection center 
{center ot the field 16a) of the reference mark MB is 
detected. The main control system 10 presets the X and 
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Y components of this amount of posifa'onal deviation to 
the mBasuremem values of the laser interferometers 
ISXI. 15X2, and 15Y After this, the position of the 
measurement stage 14 Is measured at high precision 
and with good reproducibility by the laser interferom- 
eters 15X1, 15X2. and 15Y and the main control sys- 
tem 10 controls the position of the measurement stage 
14 at high precision via planar motors on the basis of 
these measurement values. 

[0073] Meanwhile, during exposure, as shown in 
Figure 2, the measurement stage 14 is shunted and the 
laser beams from the laser interferometers 15X1 , 1 5X2, 
and 1 5Y are directed at the movable mirrors 22X and 
22 Y of the wafer stage WST. the reference mark fJlA is 
movod into the field 16a of the wafer alignment sensor 
16, and amount of positional deviation from the detec- 
tion center of the fietd I63 of the reference mark MA is 
measured in a state in which the measurement values 
of the laser interferometers 15X1 and 15X2 coincide. 
The measuremertt values of the laser Interferometers 
15X1, 15X2, and 15Y are preset on the basis of these 
measurement values of the poeitionaJ deviation. After 
this, the wafer stage WST is positioned at high precision 
and with good reproducibility. Since the positions of the 
wafer stage WST and the measurement stago 14 can 
be roughly controOed by driving the planar motors with 
an open loop, the main control system 10 varies The 
posit" ons of the wafer stags WST and the measurement 
stage 14 by driving the planar motons by open loop 
method. 

[0074] Returning to Figure 1 . although not depicted, 
a grazing incidence type of focal position detection sys- 
tem (AF sensor) for measuring the local position of the 
surtace of the wafer W is disposed on the side surface 
of the projection optical system PL and the surface of 
the wafer W being scanned and exposed is focused on 
the image plane of the projection optical system PL on 
the basis of this detection result 
[0075] Next, the operation of the prt^'ecfion e)qDO- 
sure apparatus in this example will be described. First, 
the quantity of exposure light IL Incident on the projoc- 
tion opbcal system PL is measured using the measure- 
ment stage 14 on the wafer stage side, in this case, in 
order to measure the quantity of incident light with the 
reticle R in a loaded state, in Rgure 1, a reticle R for 
exposure ts loaded onto the reticle stage RST. and the 
reticle R nxjves into the illumination region of the expo- 
sure light IL. After this, as shown in Figure 4. the wafer 
stage WST is shurrted in the 4-Y direction, for example, 
on the surface table 1 3, and the measurement stage 1 4 
moves toward the ej^xjsure region 12 of the projection 
optical system PL. After this, the presetting of the meac- 
uremem values of the laser inlerferomotors ISY 15X1. 
and 15X2 is carried out as above, the measurement 
stage 14 is then hailed at the position where the light- 
receiving surface of the iilumination quanlity monitor 13 
on tfie measurement stage 14 covers the exposure 
region 1 2, and in this state the quantity of Qxposuro light 
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IL is measured through the illumination quantity monitor 
18. 

(Otr/S] The main oontrol system 10 supplies this 
measured quantity of light to the imaging characteristic 
computation system 1 1 . Here, the value obtained by s 
detecting the light flux branching off from the epqposure 
light IL in the illumination system 1 , for rnstance. is also 
supplied to the imaging characteristic conrputation sys- 
tem 1 1 , and The imaging characteristic computation sys- 
tem 1 1 calculates and stores a coefficient tor indirectly io 
computing the quantity of light incident on the projectfon 
optical system PL from the quantity of light monitored in 
the illumination system 1 on the baas of the two meas- 
urement values. During this interval, a wafer W is 
loaded on the wafer stage WST After this, as shown in is 
Figure 2. the measurement stage 14 is shunted to a 
position away from the eitposure region 12. while the 
wafer stage WST moves toward the exposure region 12. 
While the wafer stage WST is shunted, as shown in Fig- 
ure 4, it is not Irradlased with the laser beanx from the £0 
laser interferometers 15Y. 15X1, and 1SX2» so posi- 
tional control is performed, for example, by driving the 
planar motors by open loop method. 
[00771 The measuremer^t stage 1 4 is shunted away 
from the exposure region 12. the wafer stage WST is x 
moved to a position in the ej^ure region 12. and the 
presetting of the measurement values of the laser inter- 
ferometers 15Y. 15X1, and 15X2 is carried out as 
above, after which the wafer stage WST is moved so 
that the center of the rslide-use reference mark (not so 
shown) tor the reticle on tine reference mark plate 17A 
on the wafer stage WST is located doso to the optical 
axis AX (the center of the eiqMsura region 12). After 
this, the reticle R is aligned using the r^ide alignment 
microscopes RA and RB by driving the reticle stage 35 
RST in Figure 1 so that positional deviafon between the 
reticle mark on the rDtide R and the con-espondlng ref- 
erence mark on the reference mark plate 17A will be 
within Q specific range of toleranca Approximately 
simuKanoously w'rth this* the position of another refer- 
ence mark MA is again detected by the wafer alignment 
ccncor 16 shown in Rgure 1, the result of vwhich is that 
the interval (baseline quarrtrty) between the detection 
center of that sensor and the center of the projected 
image of the reticle R is correaly detected. 4s 
[0078] Next the layout coordinates of the various 
Shot regions of the v^^fer w are doier mined by detecting 
through the wafer alignment sensor 16 the position of 
the wafer mark provided to a specific shot region (sam- 
ple shot) on the wafer W. After this, scanning exposure so 
is performed while the shot region to be exposed of the 
wafer W is aligned with the pattern image of the reticle 
R on tho basis of these layout coordinates and the 
above -mGntlo nod baseline quantity As shown in Figure 
1, during the scanrwng exposure of tho various shot ss 

regions on the wafer W, the reticle R is scanned at a 

speed of VR in the +y direction (or -Y direction) thnxigh 
the reticle stage RST with respect to the illumination 
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region 9 of the exposure light IL (see Figure 3). and in 
synchronization with this, the wafer W is scanned at a 
speed of p - VR (p is the projedion magnification) in 
the -Y direction (or +Y direction) through the wafer stage 
WST with respect to the exposure region 12. 
[0079] During exposure, the quantity of light of the 
light flux branching off from the exposure light IL rn the 
illumination system ^, for instance, is supplied to the 
imaging characteristic computation system 11. the 
imaging characteristic computation system ll calcu- 
lates the quantity of exposure light it incident on the 
projection optical system PL on the basis of the supplied 
measurement value for quantity of light and a predeter- 
mined coefficient, calculates the amount of change in 
the imaging characteristics of the projection optical sys- 
tem PL (projection magnification, distortion, etc) due to 
the absorption of the aqjosure light' IL. and supplies this 
calculation resuH to the main control system 10. The 
main control system 10 connects the imaging character- 
istics by driving a Specific lens in the projection optical 
system PL, for instance. 

[0080] The above desatption is of onJinary expo- 
sure, but when the status of the device is determined for 
the maintenance of the projection cocposure apparatus 
in tfiis example, for instance, the measurement stage 14 
is moved to the exposure region 12 side for this meas- 
uren^nt For example, when tho uniformity of bright- 
ness in the exposure region 12 is measured, tfie reticle 
R IS removed from the reticle stage RST, after which the 
brightness distribution is measured while tho brightness 
unevenness sensor 19 is moved in the X and Y direc- 
tions within tfio exposure region 12, as shown in Rguro 
4. 

[0081] Next, the operation of using the measure- 
ment stage 5 on the reticle stage side and the measure- 
ment stage 14 on the wafer stage side to measure the 
imaging characteristics of the projection optical system 
PL will be described. In ttiis case, as shown in Figure 3, 
the reticle stage RST is shunted in the 4.Y direction, and 
the reference plate 6 on the measurement stage 5 is 
moved into the Illumination region 9. At this point the 
laser beams of the laser interferometers 7Xi and 7X2 in 
the non-scanning direction are directed at the measure- 
ment stage 5. arrf the resetting (or presetting) of the 
measurement values is performed as above using the 
reticle alignment microscopes RA and RB. After this, 
tho measurement stage 5 is positioned at high procidon 
on the basis of the measurement values of the laser 
interferometers 7X1 , 7X2, and 8Y 
[0082] Here, as already described, the images of 
the plurality of index marks IM are projected cn the 
wafer stage side via the projection optical system PL in 
this state, as shown in Rgure 4, the measurement stage 
14 is driven and the images of these index marks IM are 
scanned in the X and Y directions with the slits on the 
measurement board 20. and the detection signals from 
the photoelectric sensors on the bottom of tho measure- 
ment board 20 are processed by the imaging charader- 
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istic confutation systonn 1 1 , by which the position and 
contrast of these innages are determined. The position 
and contrast of these images are also determined while 
the focal position of the measurement t)oard 20 is varied 
a certain amount at a tima From these measurement 5 
results the imaging characteristic computation system 
11 determines the amount of fluctuabon in irT«grng 
characteristics, namely, the best focal position of the 
projected image of the projection optical system PL. the 
imago pfane curvature, and distortion (including magni- ro 
fication error). If this fluctuation exceeds a tolerabJe 
range, thd main control system 10 corrects the imaging 
characteristics of the projection optical system PL. 
[0083J As discussed above, with the projection 
exposure apparatus in this example, the posHions of tha i£ 
reference marks MA and MB are detected by the wafer 
afignment sensor 16, and the laser interferometers 
ISX1. 15X2. and 15Y are preset on the basic of this 
position information, so the position of the wafer stag© 
WST or the measurement stage 14 can be measured at 20 
high precision and with good reproducibility by the laser 
interferometers 15Xl. 15X2. and 15Y Similarly, the 
posit on of the reticle stage RST or the measurement 
stage 5 can be measured at high preasicn and with 
good reproducibility by detecting the positions of the ref- 25 
erence marks MC1 and MC2 or MD1 and MD2 using 
the reticle alignment microscopes RA and RB. and 
resetting the laser interferometers 7Xl and 7X2, for 
instance. 

[0084] The second embodiment of the present 30 
invomion will now be described through reference to 
Rgures 5 to 12. This is an example of applying the 
present inwentim to a step-and-ccan type of projection 
exposure apparatus in which exposure is performed by 
the dotiMe exposure method. 55 
[0035] Fgure 5 shouvs the simplified structure of the 
projecbon exposuro apparatus in this exanple. in Fig- 
ure 5, the proieclion exposure apparatus of this exam- 
ple comprises a stage device equipped with wafer 
stages WST1 and WST2 as a plurality 0I movable <a 
stages for supporting and Independently moving two- 
dimensionally wafers wi and W2 as sensitive sub- 
strates on a base plate 86; a projection optical system 
PLi disposed above this stage device; a reticle drive 
mochaniEm for driving in a specific scanning direction a 
reticle Rt or R2 (see Figure 6} as a mask above the pro- 
jection oplicai system PLI; an illumination system for 
illuminating the reticles R1 and R2 from above: and a 
control system for controlling these various compo- 
nents. In the following discussion, the 2 axis extends so 
parallel to the optical axis AXl of the projection optical 
Gyctom PLI . the X axis is parallel to the viewing plane in 
Figure 5 within a plane pafpondicular to the Z axis, and 
the Y axis is perpendicular to the viewing plane In Pig- 
ure 5. In this example, the scanning direcbon is tho ss 
direction parallel to the Y axis (the Y direction). 
[0086] First, the stage device is supported floating 
on an air bearing (not shown) over the base plate 86. 



and is equipped with two wafer stages WSTi and WST2 
capable of independent movement in the X and Y direc- 
tions, a wafer stage drive system 81 W for driving these 
wafer stages WSTi and WS72. and an interferometer 
system for measuring the positions of the wafer stages 
WSTI and WST2. 

[0087] This configuration will now be described in 
further detail. A plurality of air pads (such as vacuum 
pre-loaded air bearings; not shown) are provided on tho 
bottoms of the wafer stages WSTi and WST2, and the 
wafer stages WSTi and WST2 are supported floating 
atxjve the base plate 86 in a state in which a gap of a 
few micnons, for example, is mairrtained through the baJ- 
ance between the vacuum pre-pressure and the air dis- 
charge force 01 these air pads. 
[0038] Figure 7 shows the drive mechanism of the 
wafer stages WSTi and WST2. In Figure 7. two X axis 
linear guides 96A and 95B extending in the X direction 
are provided in parallel on the base plate 86. A set of 
permanem magnets for a linear motor is fixed along 
each of the X axis linear guides 95A and 95B. and two 
movable members 93A and 93C and two nxjvable 
members 93 B and 93 D are provided nwably along 
these X axis linear guides 95A and 95B, respectively To 
the bottom of each of these four movable members 93 A 
to 93D Is attached a drive coll (not shown) so as to sur- 
round the X axis linear guides 95A and 95B from the 
sides and from above. These drive coils and the X axis 
linear guides 95A and 95B make up moving coil finear 
motors that drive the movable members 93 A to 93 D in 
the X direction. For the sake of convenience in the fol- 
lowing description, these movable mentters 93 A to 93 D 
will be refen^ed to ac "X axis linear motors/ 
[0089] Of these, the two X axis bnear motors 93A 
and 938 are provided to the ends of a Y axis linear 
guide 94A eoctending in the Y direction, and the other 
two X axis llftear motors 93C and 93D are fixed to the 
ends of a Y axis linear guide 948 also extending in the 
Y direction. A set of drive coils for a linear motor is fixed 
in the Y direction along each of the Y axis linear guides 
94A and 948. TTierefore. the Y axis linear guide 94A is 
driven in the X direction along the X axis linear guides 
95A and 95B by the X axis linear motors 93A and 93S, 
and the Y axis linear guide 948 is driven in the Y direc- 
tion along the X axis linear guides 95A and 95B by tho 
X axis linear motors 93C and 93D. 
[0090] Meanwhile, a set of permanent nrragnotc (not 
shown) is provided lo the bottom of the wafer stage 
WSTI so as to surround one of the Y axis linear guidos 
94 A from the sides and atove, and these permanent 
magnets and the Y axis linear guide 94A make up a 
moving magnet linear nnotor that drives the wafer stage 
WSTI in the Y direction. Similarly a moving magnet Bn- 
ear motor that drives the wafer stage WST2 in the Y 
direction is made up of a set of permanent magnets (not 
shown) provided to Ihe bonom of the wafer stage WST2 
and the Y axis linear guide 94B. 
[0091] Specifically, in this example a stage system 
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for two-dimensionally and independently driving tho 
wafer stages WSTi and WST2 over the XY pJane is 
constituted of the above-mentioned X axis linear guides 
95A and 9SB. the X axis linear motors 93A to 93D. the Y 
axis iinoar guides 94A and 94B, the permanent mag- 5 
nets (not shown) on the bottoms of the wafer stages 
WSTI And WST2, and so forth. These wafer stages 
WSTi and W$T2 are controlled by a stage ocntroller 38 
via tho stage drive system 81 W The operation orf The 
stage controller 38 is controlled by a main controller 90. 10 
I0092J It is also possible to generate or eliminate a 
subtle yawing in the wafer stage WSTI by slightly vary- 
ing the balance of propulsion of the pair of X axis linear 
motors 93A and 93B provided to the ends of the Y axis 
linear guide 94 A. Similarly, a subtle yawing can be gon- is 
erated or eliminated in the wafer stage WST2 by slightly 
varying the balance of propulsion of the pair of X axis 
linear motors 93 C and 93D. Wafers W1 and W12 are 
fixed by vacuum chucking or tho I3c9 on these wafer 
stages WSTI and WST2 via wafer holders (not shown). 20 
The wafer holders are finely driven in the 2 direction and 
the 9 direction (the direction of rotation around the 2 
axis) by a 2/d drive mechanism (not shown). 
[0093] The side surfaces of the wafer stage WST1 
in the -X arKi -fY directions are mirror finished to pro- 25 
duce reflectivB surfaces 84X and 84Y (see Figure 6). 
Similarly, the side surfaces of the wafer stage WST^ in 
the +X and -Y directions are mirror finished 10 produce 
reflective surfaces 85X and 85Y These reflective sur- 
faces correspond to movabie mrrrone. and by projecting 30 
moacuremem beams 92X2. 92X5, and 92 Yl to 92 Y5 
consisting of laser beams from the various laser inter- 
feronr>eters that make up the interferometer system (dis- 
cussed boiow) orrtD these reflective surfaces and 
receiving the reflected light with the various laser inter- ss 
ferometers, the displacement of the various reflective 
surfaces from a reference surface (a reference mirror is 
generally disposed on the projection optical system side 
surface or on the alignment optical system side surface. 
arxJ this rrdntjr Is used as a reference surface) is meas- <o 
ured. the result of which is that the two-dimensionaJ 
positions of the wafer stages WSTI and WST2 are 
measured. The stojcture of the Interferometer system 
will be described in detail below. 

[0094] In Rgure 5. a refraction optical system that 4S 
comprises a plurality of lone ef omenta charing an optical 
axis in the 2 direction, and that is felecentric on the 
sides and has a specific reduction factor, sucti as 1/5, is 
used as the projection optical system PL1. A reflection 
refraction system or a reflection system may also be so 
used as the projection optical system PL1. 
[0095] As shown in Figure 5. off-axts alignment sys- 
tems 88A and 88B both having the same functions are 
provided to the X direction ends of the projection optical 
system PL1 at positions an equal distance away from ss 
tho optical axis AX1 of the projection optical system PL1 
(corresponds to tho center of tho proj •clod image of the 
reticle pattern). These alignment syslenr^s 83A and 88 B 
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have three types of alignment sensor: an LSA (Laser 
Step Alignment) system with a slit-shaped laser beam, 
an imaging type of FIA (Field Image Afignment) system, 
arxJ an LIA (Laser Interferometric Alignment) system 
that detects diffraaed light from two heterodyne beams, 
for example. These alignment systems 88 A and 88B 
allow positional measurement in two dimensions (the X 
and Y directions) far tfie reference rrrark on the refer- 
ence mark ptate and the alignment mark on a wafer. In 
this example, these three types of alignment sensor are 
used as dictated by the situation at hand, and perform 
so-called search alignment in which the positions of 
three one-dimensional marks on a wafer arc detected to 
measure the approximate position of the wafer, fine 
alignment in which the positions of the various shot 
regions on a wafer are accurately measured, and so on. 
[0096) In this case, one of the alignment systems 
88A is i^ed, for inetance. to measure the position of the 
alignment mark on the wafer W1 supported on the wafer 
stage WST1 . The other alignment system 88B is used, 
for instance, to measure tho position of the alignment 
mark on the wafer W2 supported on the wafer stage 
WST2. The detection signals from the alignment sen- 
sors that constftules these afignment systems 88A and 
888 are sem to an alignment controller 80. The align- 
ment oontrolier 80 subjects the detection signals A/D 
(analog/digital) conversion, and sut>jects the digitized 
waveform signals to computation processing to detect 
the mark position. This detection result is sent to a main 
controller 90. and irtformation such as position correc- 
tion during exposure is outputted from the main control- 
ler 90 to the stage controller 38 acconding to this 
detection result. 

[0097] Although not depicted in the figures, the pro- 
jection optical system PLi and the alignment systems 
aSA and S8B are each provided with an autofo- 
cua/autoleveling measurement mechanism (hereinafter 
referred to as the "AF/AL system") for detecting the 
amount of defocus from the best focal position of the 
exposure side of tho wafer W1 (or W2). Of these, a so- 
called grazing incidence type of multipoint AF system is 
used as the AF/AL system for the projection optical sys- 
tem PLl. The same AF/AL system is provided to the 
alignment systems SSA and S8B as weii. Specifically, in 
this example the detection beam can be directed by the 
AF/AL system used during the alignment sequence for 
approximately the same moasuremont region ac the 
AF/AL system used in the detection of the amount of 
defocus during e)^osure. Accordingly, the position of 
the alignment mark can be measured at high precision 
arxJ at the same focusing precision as during ejtposure 
during the alignment sequence in which the alignment 
systems eSA and 88B are used as well. Put another 
way, no offset (enor) is produced by the altitude of the 
Stage between exposure and alignment 
[0098] Next, the reticle drive mechanism will be 
descrtbod through reference to Figures 5 and 6. This 
reticle drive mechanism comprises a reticle stage RST1 
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capable of twcMiimensional movement in the XY plane 
and supporiing a relide R1 over a rctide base table 79; 
a reticle stage RST2 capable of tvuo-dimensional move- 
ment and suppomng a reticle R2 in ttie same movement 
plane: a linear motor (not shown) for drMng these reti- 5 
do ctagcG RST1 and RS75: and a retide interf&ometer 
system thai manages the positions of these retide 
stages RSTi and RST2. 

[0099] To describe this In further detail, as shown in 
Figure 6, these retide stages R5T1 and RST2 are dis- to 
posGd in Gorlos In the scanning direction (Y direction), 
are supported floating over the reticle base table 79 by 
air bearings (not Shown), and are finely driven in the X 
direction, finely rotated in the 6 direction, and scan- 
driven in the Y direction by a retide stage drive mecha- is 
nism B1 R (see Figure 5). Tlie drive source of the retide 
stage drive mechanism 31 R is the same linear motor as 
tor the stage device for wafer, but is depicted as a sim- 
ple block in Figure 5 for the sake of simplidty. Accord- 
ingly, when the retides R1 ard R2 on the reticle stages so 
RST1 and RST2 are used selectively in double expo- 
sure, for instance, either of the retides R1 and R2 can 
be scanned synchronously with the wafers Wl and W2. 
[0100] Movable mirrors 82 A and 823 composed of 
the same material ac the rottclo stages RSTi and RST2 2s 
(such as a ceramic) axtand in the Y direction from the 
+X diroaion side surfaces on Ihese reticle stages RSTi 
and RST2. Measurement beams 9lXl and 91X2 are 
emitted from laser interferometers (hereinafter referred 
to dnply as "Interferometers") 83X1 to 83X5 and 30 
directed at the +X direction reflective surfaces of these 
movable mirrors 82A and 628. this reflected light is 
received by the interferometers 83Xl to 83X5. arxJ the 
rdativs displacemeni with respect to a specific refer- 
ence surface is measured, the resutt of which Is thst the 36 
positions of the ret'de stages RSTi and RST2 in the X 
direction are measured. Here, the measuremem beam 
91X3 from the interferometer 83X3 actually has two 
measurement beams separated In the Y cfiredion and 
capable of independently measuring displacement The 40 
positions of the retide stages RSTI and RST2 in the X 
direction and the amount of yaw (the angle of rotation 
around the Z axis) can be measured from these two 
measurement values. 

[0101] in this example, the spacing between the 45 
measurement beams 91 XI to 91X5 in the Y di/ection is 
set shorter than the width of the movabie mirrors 82 A 
and 828 in the Y direction, which results in the nnovable 
mirrors 82 A and 82B being inadiated by one of the 
measurement beams 91 XI to 91X5 at all times. At so 
some point in time, two adjacent measurement beams 
(such as 91X1 and 91)C2) will end up being directed at 
the same movable mirror (such as 82B) at the same 
time, and this state can be viewed as th e conresponding 
interferometers 83X1 and 83X2 partially overlapping the ss 
measuroment roglon. As a result, as will be discussed 
beiow. the measurement values of the interferometers 
83X1 to 83X4 can be successively transfenred at high 
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precision to the measurement values of the interferom- 
eiers 83X2 to 83X5. The measurement values of the 
interferometers 83X1 to 83X5 are supplied to the stage 
controller 38 in Figure 5, and the stage controller 38 per- 
forms rotational control and X direction positional con- 
trol of the reticle stages RSTi and RST2 via the reticle 
slage drive mechanism 81 R on the basis of these 
measurement values in order to correct the synchroni- 
zation enor between the wafer stages WSTi and 
WST2. 

[0102] Meanwhile, in Figure 6, corner cubes 89A 
and 89B are disposed as a pair of nxivatile minors at 
the -Y direction end of the first retide stage RSTi in the 
scanning diredion. Measurement beams 91 Yl and 
91Y2 consisting of two laser beams are emitted from a 
pair of doublerpass interferometers (not shown) and 
directed at these corner cubes 89A and 89 B. and the 
relative displacement in the Y direction of the reticle 
stage RSTI with respect to a specific reference surface 
(s measured by this pair of interferometers not shown in 
the figures. A pair of comer cubes 89C and 890 is also 
disposed the +Y direction end of the second reticle 
stage RST2, measurement beams 91 Y3 and 91 Y4 
(actually consisting of two laser beams each) are emit- 
ted from a pair of double-pass interferometers a3Y3 and 
83Y4 and directed at these comer cubes 89C and 89D, 
and the displacement in the Y direction of the retide 
stage RST2 is measured by the interferometers 83Y3 
and 83Y4. 

[0103] The measurement values from these dou- 
ble-pass interferometers are also supplied to the stage 
controller 38 in Rgure 5, arxi the positions of the retide 
stages RSTi and RST2 in the Y direction are controlled 
on the basis of these moasuremerrt values. SpedficaJly, 
in this example, the imerferometers system used for the 
retide system is constituted of the interferometers 83Xl 
to 83X5 having measurement beams 91 XI to 9iX5. 
and the two pairs of double-pass interferometers having 
measurement beams 91Y1 and 91Y2 and measure- 
ment beams 91 Y3 and 91 Y4. The interferometers 83X1 
to 83X5 are represented by the interferometer 83 in Fig- 
ure 5, artd the movable mirrors 82A and 82 B and ttie 
measurement beams 91X1 to 91X5 are expressed by 
the movable mirror 82 and the measurement beam 9 1 X 
in Figure 5. 

[0104] Next, tho iniorforometer system that man- 
ages the positions of the wafer stages WSTi and WST2 
will be described through reference to Figures 5 to 7. 
[0105] As shown in Figures 5 to 7, a measurement 
beam 92X2 consisting of tdaxial laser beams from the 
interieromoter 87X2 is directed at the reflective surface 
84X on the side surface in the -X direction of the wafer 
stage WSTi along an axis parallel to the X axis, passing 
through the center (optical axis AX^) of the projected 
image of the prajedion optical system PL1 and the 
detection centers of the alignment systems aSA and 
888. Similarly, a mcasuremeni beam 92X5 consisting of 
triaxial laser beans from the interferometer 87X5 is 
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directed at the reflective surface aSX on the side surface 
in the +X direction of the wafer stage WST2. The reflect 
light here is received by the irrterfGrometars 37X2 and 
87X5, the result of which is that the relative displace- 
ment of the reflective surfaces In the X direction from the 5 
reference position is measured. 
[01 06] In this case, as shown in Figure 6, the meas- 
uremert beams 92X2 and 92X5 are triaxial laser beams 
capable of measuring displacement independently of 
one another, so the corresponding interferometers 10 
87X2 and 87X5 not only measure the positions of the 
wafer stages WSTI and WST2 in the X direaion. they 
also can measure the tilt angle (the angle of rotation 
around the Y axis) and the angle of yaw (the angle of 
rotatiorr around the Z axis) of the stages, in this case, 16 
the wafer stages WSTI arvJ WST2 in this example are 
provided with 2 leveling stages LSI and LS2 for respec- 
tively performing the fine drive of the wafer stages 
WSTI and WST2 in the 2 direction, the drive of the tilt 
angle, and the rotational drive around the 2 aws, as 20 
sh^n in Figure 6, but the Z leveling stages LSI and 
LS2 are actually lower than the reflective surfaces 84X 
arKl asx Therefore, the drive amounts in the tilt angle 
control and yaw angle control of the wafers W1 and W2 
can all be monitored by these interferometers 87X2 and zs 
87X5. 

10107] The X axis measurement beams 92X2 and 
92X5 are directed at the reflective surfaces 84X and 
85X of the wafer siages WSTI and WST2 at all limes in 
the whole region of the movable range of the wafer ^0 
stages WSTI and WST2, Therefore, in the X direction, 
whether during exposure using the projection optical 
system PLi or during the use of the alignment systems 
88A and 68B. the positions of the wafer stages WST1 
and WST2 in the X direction are managed on the basis os 
of the measuremorvt values obtained with the measure- 
ment beanDs 92X2 and 92X5. 

[0108] As showwn in Figures S and 7, the +Y direc- 
tion side surfaces of the wafer stages WSTI and WST2 
are finished to produce the reftedjve surfaces 84Y and 4o 
aSY as movable mirrors, and a measurement beam 
92Y3 parallel to the Y axis and passing through the opti- 
cal a)ds AX1 of the projection optical system PLi is 
emitted from the imerferometer e7Y3 and directed at 
these reflective surfaces 84Y and 85Y. Interferometers ^fi 
87Y1 and 87/S having moasurement beams 92YT aryj 
92Y5. respact'vQly. are provided parallel to the Y axis 
and passing through the detection centers of the align- 
ment systerrts 8dA and 88B, respectively In this exam- 
ple, the measurement value of the interferometer 87Y3 so 
having the measurement beam 92Y3 is used to meas- 
ure the positionB of the wafer stages WST1 and WST2 
during exposure using the projection optical system 
PLi, and the measurement value cA the interferometer 
87Y1 or 87Y5 is used to measure the position in the Y 55 
direction of the wafer stage WST1 or WST2 during the 
uco of the alignment systems SSA and 88B. 
[0109] Ttierefore. depending on the usage condi- 



tions, the measurement beams of the Y axis interferom- 
oters STYl, 87Ya, and 87Y5 may diverge frcmi the 
reflective surfaces 84Y and 85Y of the wafer stages 
WSn and WST2. Consequertly. in this example. The 
interferometer 87Y2 having the measurement beam 
92Y2 parallel to the Y axis is provided between the 
interferometers 87X1 and 87Y3. and the inlerferomeief 
87Y4 having the measurement beam 92 Y4 parallel to 
the Y axis is provided between the interferometers 87Y3 
and 87YS, the result of which is that the reflective sur- 
faces 84Y and 85Y of the wafer stages WSTi and 
WST2 are irradiated at all times by a measurement 
beam from at least one of the interferometers. Accord- 
ingly, if we let DX1 be the width in the X direction of the 
reflective surfaces 84Y and 85Y serving as movable 
mirrors, then the spacing DX2 between the measure- 

mentbeams 92Yi , 92Y2 and 92YS in the Xdtrection 

is set narrower than DXI . As a result, two adjacent 
measurement beams out of the measurement beams 
gZYl to 92YS will always be directed at the reflective 
surfaces 84Y and 85Y at the Game time (that is, there is 
a partially overlapping measurement tango), so the 
transfer of measurement values from the first interfer- 
ometer to the second interferometer will always happen 
in this state, as wilt be discussed below. This means that 
the wafer stag^ WSTI and WST2 are positioned at 
high predsion and with good reproducibility in the Y 
direction as well. 

[01 1 0] The measuremem beams 92Y1 , 92Y3. and 
92Y5 used to measure positions in the Y direction con- 
sist of biaxal laser beams spaced apart in the Z direc- 
tion and capable of independent posiGon measurement, 
so the conesponding interferometers 87Y1. BTYS, and 
87Y5 not only measure the positions of the reflective 
surfaces 84Y and 85Y in the Y direction, they also can 
measure the tilt angle around the X axis. In this oxam- 
ple. the irterferometer system for managing the two- 
dimensional coordinate positions of the wafer stages 
WSTf and WST2 is made up of a total of seven interfer- 
ometers, namely, the interferometers 87X2, 57X5, and 
87Y1 to 87Y5. Jn this example, as will be discussed 
beiow, while one of the wafer stages WSTI and WST2 
Is executing the exposure sequence, the other executes 
wafer exchange and the alignment sequence, and the 
stage controller 38 performs position and speed control 
of the wafer stages WSTI and WST2s on the basis of 
the measurement values of the various interferometers 
so that there will not physically interfere with each other. 
[0111] Next the illumination system and control 
system in this example will be described through refer- 
ence to Figure 5. In Rgure 5. the e3<posure light which 
is composed of pulsed laser light emined from a light 
source component 40 conprising a KrF, ArF, F2. 
other such excimer laser light source and a fight reduc- 
tion system (such as a light reducing plate), is passed 
through a shutter 42, after which it is polarized by a mir- 
ror 44, shaped to a suitable beam diameter by beam 
expanders 46 and 48, and incident on a first fly-eye lens 
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50. The exposure lighl emitted from this first fly- eye lens 
50 goes through a lens 52, an oscillation mirror 54, and 
a lens 56, and ts incident on a second fly-eye lens 58. 
The ejgaosure light emitted from the second f fy-eye lens 
58 goes through a lens 60 and reaches a stationary 5 
blind 62 disposed at a position that is conjugate with the 
reticle R1 (or R2), where the cross sectional shape 
thereof is set to the specified shape, after which it is 
passed through a movable blind 64 disposed at a posi- 
tion slightly defocused from the conjugate plane with tho 10 
reticle, and then passes through relay lenses 66 and 68 
to produce light with a uniform brightness distribution. 
This fight illuminates an Illumination region lA in a spe- 
cific shape on the reticte R1 , which is a rectangular slit- 
shape here (see Figure 6). is 
(0112] Next, the comrof system in this example is 
constituted primarDy of the main controller 90 for the 
general control of the apparatus as a whole, and of an 
exposure light quantity controller 70. the stage controi- 
lar aa, and so forth under the management of this main so 
controller 90. For example, when the wafer W1 is 
exposed in the pattern of the reilcle Rl. the exposure 
light quantity controller 70 opens the shutter 42 by send- 
ing a command to a shutter driver 72 to drive a shutter 
drive conrponent 74 prior to the start of syrtchronous 2s 
scanning of tho reticle R1 and wafer W1. 
[0113] Aflw this, the stage corrtroller 38 starts the 
synchronous scanning of the reticle Rl and wafer Wi. 
that is. the rebcle stage RSTt and the wafer stage 
WST1, accoiding to instructions from the main control- so 
ler 90. This synchronous scanning is performed by 
monitoring the measurement values of the measuro- 
ment beams 91 Yl, 91 V2, and 91X3 of the interferom- 
eter system used for the reticle stage and the 
measurement beams 92Y3 and 92X2 of ihe irrteiferom- 3$ 
eter system used for the uuafer stage as discussed 
above, while comrolling the stage drive system 81 W 
and tho reticle stage drive mechanism 81 R with the 
stage controller 38. 

10114] TTie exposure light quantity controller 70 40 
commences pulsed light generation by sending a com- 
mand to a laser controller 76 at the point when the 
stages RSTi and WST1 are driven at the same speed, 
using the projection magnification ratio as the speed 
ratia wrlhin a specffic synchronization error range. As a 4S 
rosutt. the rectangular illumination region lA (see Figure 
6] of the reticle Rl is illuminated by the exposure tight 
the image of the pattern in this illumination region I A is 
reduced by the projection optical system PLi to 1/5 its 
original size, and this is projected to expose a wafer Wl so 
whose surtace has been coated with a photoresist. 
Here, aa is dear from Figure 6, the width of the illumina- 
tion region I A in tiie scanning direction is nanrower than 
the pattern region on the reticle R i . and when the reticle 
R1 and the wafer Wl are synchronously scanned, ihe ss 
images from the entire pattern region are successively 
transferred to fie shot region on the wafer. In this ®cpo- 
sure, the exposure light quantity controller 70 reduces 



357 At 32 

brightness unevenness caused by fringes generated by 
the two first fly- eye lenses 50 and 58 by sending a com- 
mand to a mirror driver 78 to drive the oscillation mirror 
54. , 

[0115] The movalDJe blind 64 is driven by a blind 
oontrolfer 39 synchronously with the reticle Rl and the 
wafer W1, and this series of synchronous operations is 
managed by the stage controller 38 so that the expo- 
sure light that has passed through the outer part of the 
pattern region on the reticle Rl (the outer part of the 
doused band) will not leak dose to the edges of the var- 
ious shot regions on the wafer W1 during scanning 
exposure. Furthermore, when the main controller 90 
corrects the approach start position for the reticte stage 
and wafer stage at which synchronous scanning is per- 
formed tiuring scanning exposure, for instance, it sends 
a correction command for the stage position to the 
stage controller 38 lhat comrols the movement of the 
stages, 

[0116] Next, a plurality of Interferometers with par- 
tially overlapping measurement ranges are disposed at 
the reticle stages RSTI and RST2 and the water stages 
WST1 and W3T2 in this example as mentioned above, 
and the measurement vaiue of tho interferometer are 
successively transferred to the adjacent interferometer 
thereto. The fofloviring is an example of the wafer stage 
WST2 and the two Y axis interferometers STYS and 
87Y4 In Rgure 7, and the operation of transferring the 
interferometer measurement values, that is. the opera- 
tion of presett" ng the interferometer measurement Val- 
ues, is described through reference to Figures 7 to 10. 
[0117] First, wh en the wafer stag 9 WST2 moves in 
the -X direction from its position in Figure 7, the mees- 
urement beam 92Y4 ceases to be incident on the reflec- 
tive surtace 85Y (serving as the movatsle mirror of the 
v»afer stege WST2) at some point during this move- 
ment Conversely, when the wafer stage WST2 moves 
in the +X direction, the measurement beam 92 Y3 
ceases to be inaden! on the reflective surface 85Y at 
some pdnt during this movement, in view of this, the 
transfer of measurement values must be performed at 
high precision between the irrterferometer 87Y4 and the 
interferometer 87Y3. and the measurement of the Y 
coordinate of the wafer stage WST2 must be performed 
with good reproducibility using one of these interferom- 
eters 87Y4 and e7Y3. Consequemly, the following 
approach is employed in this example. 
[01 18] ' Figure 8 (a) is a plan view of the wafer stage 
WST2 in Rgure 7. In Figure 8 (a), tho displacomont of 
the wafer stage WSnn? in the X direction is measured by 
the X direction interferometer 87X5, while the displace- 
ment of the wafer stage WST2 in the Y direction is 
measured by the two imerfenimeters 87Y3 and 87Y4, 
The spacing DX2 in the X direction of the measurement 
beams 92Y3 and 92Y4 of the interferometers a7Y3 and 
87Y4 Is narrower than the width DXl in the X direction 
of the reflective surface S5Y of the wafer stage WST2. 
[0119] Here, the Interferometers 87Y4 and 37Y3 in 
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this ffcampfe are heterodyne inferference type laser 
interferometers, and a common two-frequency oscillat- 
ing laser (such as a Zeeman effect type of He-Ne laser 
light cource whh a wavelength of 633 nm) is used as the 
light source for the measurement beams. This hwo-lre- 
quency osdIJating laser emits tirct and second light 
fluxes having a spccHic frequency differential of Af (such 
as about 2 MHz) and whose polarization directions are 
mutually perpendicular as a coaxial heterodyne beam. 
First this heterodyne beam is divided up into parts of 
about 1/10 and mixed by an analyzer, and the resulting 
IntorfGronco light is subjected to photoelectric conver- 
sion, which produces a reference signal SR of the tre- 
quency Af. This reference signal SR is supplied to a 
phase comparator 26 (see Figure 9) in each of the Imer- 
ferometere 87Y4 and 87Y3. 

[0120] The first and second heterodyne beams 
obtained by splrtling the above-mentioned heterodyne 
beam into pans of about 1/10 are supplied to the inter- 
ferometers 87Y3 and 87Y4. The Intefterometer 87Y4 
uses one of the two light Huxes. namely, the one whose 
polaHzotion direction is perpendicular to the second 
heterodyne beam, as the measurement beam 92 Y4. 
and uses the other one as a reference beam (not 
shown). The reference beam is reflected by a reference 
mirror (not shwn). The refleaed reference beam and 
the measurement beam 92 Y4 reflected by the reflective 
surface 85Y are mixed by an analyzer, and the resulting 
interference fight is subjeaed to photoelectric conver- 
sion, which produces a measurement signal 52 that has 
a frequencyof Af and whose phase varies. This signal is 
supplied 10 the phase comparator 26 in Rgure 9. The 
phase difterence ^ between the above-mentioned ref- 
erence signal SR and Iho measurement signal S2 is 
found at a spedRc resolution (such as 2a/100 (rad). or 
27C/256 (rad)) and supplied to an integrator 27. 
[Q121] Here, if we (el X be the wavelength of the 
n>easurement beams 92Y3 and 92Y4 and m be an inte- 
ger (ism), the phase difference ^ changes by Zn (rad) 
when the reflective surface 85Y moves in the Y direction 
by Vm (m - 2 with a single pass method as in this 
example, but m a 4 with a double pass method[). The 
range of the phase difference ^ is 0 5 <>2 5 2rt. The Inte- 
grator 27 in Rgure 9 adds 1 to a specific integer N2 (cor- 
responding to the degree of interfeienoe) when the 
phase difference <»2 crosses Zn in tne positwe direction, 
and Bulstracls 1 from this integer N2 when the phase dif- 
ference (^2 crosses 0 in the negative direction. During 
measurement, the integrator 27 multiplies Vm by 
{N1 + ^2/(2ac)} , and sends the resulting measurement 
value P2 to the stage controller 38 as the absolute posi- 
tion of the wafer stage WST2 in the Y direction. 
[01221 Similarly, with the interferometer 87Y3. the 
phase difference ^1 Is fbund between the measurement 
signal S t obtained from the measurement beam 92 Y3 ; 
and the above-mwlionod reference cJenoI SR. and an 
integer Nl that increases or deaeases every time this 
phase difference ^^ aosses 2r or 0 and a measure- 
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ment value PI calculated from Ifm are sent to the stage 
oontroIlGr 38. Specifically, the interferometers e7Y3 and 
87Va measure the position of the wafer stage WST2 in 
the Y direction as an absolute position within the width 
s of >Jm. The interferometer 87X5 of the K axis in ttiis 
example comprises two laser beams separated in the Y 
direction as shown in Figure 6. so the angle of rotabon 
eW2 of the wafer stage WST2 can be measured from 
the difference in the measurement values for the X coor- 
to dinatd of the reflective surface 85X prxxJuced by these 
two laser beams. In view of this, the integers N2 and Nl 
in the interferometers 87Y4 and 87Y3 are first reset to 
zero In the Initial state" in which the wafer stage WST2 
has been stopped so that the angle of rotation eW2 will 
rs be zero in the slate shown in Rgure 8 (a), { 1/(2n)} QJm) 
is multiplied by the phase CSfferences ^ and ^^ meas- 
ured alxjvc, and the resulting rneasurement values (ini- 
tial values) P20 and Pi 0 are incorporated into the stage 
controller 38. 

20 [0123] Theoffsetof the measurement values of the 
interferometers 87Y4 and 87Y3 is set at -Pao and -P10, 
respectively, by the stage controller 38, after which 
these offsets (-P20 and -PIG) are added to the meas- 
urement values P2 and Pi supplied from the inlerferom- 

56 eiers 87Y4 and 87Y3. These sums are termed the 
actual measurement values P2' and Pr of the interfer- 
ometers e7Y4 and 87Y3. Specif icalty, these measure- 
ment values P2' and PV accurately express the amount 
of displacement of the wafer stage WST in the Y direc- 

$0 tion from the above-mentioned initial state. The initial 
values of these measurement values (P20 and PlO) are 
stored. > 

10124] In Figure 8 (a), the wafer stage WST2 then 
moves further in the -X direction until il reaches the 

s£ position shown in Rgure 8 (b). In Rgure 8 (b). the meas- 
urement beam 92Y4 of the (nterferometer 87Y4 has 
diverged from the reflective surface 85Y serving as the 
movable mirror. In this state, the Y coordinate of the 
wafer stage WST2 is measured by the interferometer 

40 87Y3. The wafer stage WST2 begins moving back from 
this state toward the position shown in Figure 8 (a) in 
the +X direction, and when the reflective curfaco 85Y 
enters the illumination range (measurement range) of 
the measurement beam 92Y4 of the interferometer 

45 87Y4. the measurement value of the interferometer 
87Y4 Is set (preset) as lof lews, 
[0125] Rrst. the angle of rotation eW2 (a tiny 
amount (rad) substantially close to zero) of the wafer 
stage WST2 is measured by the measurement beam 

so 92X5 (two laser beams) of the X axis interferometer 
87X5. In this state, the measurement value PI of the Y 
coordinate is found for the interferometer S7Y3 that 
uses the measurement beam 92Y3 in Figure 8 (a). This 
measurement value PI Is the direct measurement vaJue 

ss prior to offset correction, however. Then, the stage con- 
troller 38. for example, finde an estlmata of the fraction 
c2/{2ji) and the degree of interference N2 (N2 is an inte- 
ger) for the interferometer 37Y4 from this me^isurGment 
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vatue PI. Thrs fraction c2 corresponds to the above* 
mentioned 

[0126] Specif icaUy« the operator in the stage con- 
troller 38 calculates an estimate P2' of the measure- 
ment value P2 of the interferometer 87Y4 before offset s 
correction as follows from the spacing 0X2 of the meas- 
urement beams 92Y3 and 92Y4. the measured anflle of 
rotation eW2 of the wafer stage WSTZ. and the differ- 
ence in the initial values of the measuromont value P1 
of the Imcrferometsr 87Y3 and the measurement values to 
of the interferometers 87Y4 and 87Y3 (- P20 - P10 ). 

P2* - PI + DX2 • 0W2 + (P20 - P10) 

[0127] For example, when the measurement preci- is 
sion of the angle of rotation eW2 is high, this estimated 
value P2' be preset directly as the current meas- 
urement value P2 of the irnerferometer 87Y4. However, 
the measuremem value 6 W2 includes a certain amount 
of measurement enror. so the fact that the interferometer 20 
87Y4 can measure the absolute position in units of 
width >Jm is utilized, and the operator breal<3 down the 
indicated value P2' into the integer component and the 
fraction componant. Therefore, the remainder of NZ 
times the length x/m in the estimated value P2' of the 23 
measurement value of the interferometer 87Y4 
becomes the fraction t2/(2jr). Specifically, the stage 
controller 38 calculates (estimates) the integer N2 and 
the fraction e2 as follows, 

so 

N2 = g{P2Va/m)} (1) 

e2 = {P27(x;m) - N2} (2ji) (2) 

[0128] Here, gpC} Is a function that gives the maxi- -35 
mum imoger which does not exceed )C As will be dis- 
cussed in detail below, the stag© controller 38 
determines the preset value of the integer (degree) N2 
of the intefteromeier stYa from the estimatod degree of 
irrterference and fraction (N2 and e2) obtained from the ^ 
measurement value P1. and the phase difference 
(absolute phase) ^2 actually measured with the interfer- 
ometer 87Y4. 

[0129] Figure 9 shows part of the stage controJIer 
38 and pari of the interferomBter 87Y4 in this example. 4S 
As sHcrwvn In Figure 9, the intorfero meter 87Y4 has a 
phacG comparator 25 into which are inputted, for exam- 
ple, the reference signal SR and measuremerrt signal 
S2 (photoelectrically converted signal for the interfer- 
ence fight between the measuremeni beam and the ref- so 
orence beam) outputled from the laser light source. The 
phase comparator 25 detects the phase difference <^ 
between the reference signal SR and the measuremwt 
signal S2. and the detected phase difference ^2 is out- 
putted to the integrator 27, arri is also outputled to a ss 
calculation processor 28 In the stage controller 38. The 
other interferometers are aico equipped with their own 
phase comparator 2S and Integrator 27. 
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[0130] During measurement, the integrator 27 inte- 
grates the integer N2 from the change in the phase dif- 
ference as above, multiplies >Jrr\ by ( N2 + ^2/(2 n) }, 
and outputs the measurement value P2 thus obtained to 
the stage controller 38 as information indicating the 
amoufTt of movement of a movable mirror (the reflective 
surface 85Y in this exartiple). However, when the trans- 
fer of measuremerrt values is carried out as if is here, 
the calculation processor 28 compares the phase differ- 
ence ^2 inputted from the phase compamtor 26 with the 
estimated fraction c2 inputted from the above-men- 
tioned operator. If the estimated value c2 of the esti- 
mated phase difference is close to 2^ or 0 (zero), ft is 
possible that the imager N2 indicating the estinnaied 
degree of interference will be outside the range of ±1 , so 
this comparison is performed to verify this. The opera- 
tion of this oomparison will be described through refer* 
ence to Figure 10. For the sake of ccrTvenience, the 
estimated value of N2 is given as the degree N in Figure 
10. 

[0131] In Figures 10 (a) to (c), the horizontal axis is 
the phase difference between the reference signal and 
the measurement signal, and In particular illustrates the 
phase difference for ranges of degree of interference of 
k=N-1, k=M,and k = M + 1 . The phase difference 
changes by 2n within one degree. Figure 10 (a) illus- 
trates a case in which the absolute value of the differ- 
ence between the actual phase difference ^2 and the 
estimated phase difference c2 is less than n, or 
(1^2 - c2| < ff) . fn this case, as seen in the figure, the 
actual phase difference ^ is within the degree N, so the 
degree of interference is N as estimated, and the preset 
value N* of the degree is equal to N. Figure 10 (b) Illus- 
trates a case in which the v/a)ue obtained by subtracting 
the estimated phase difference c2 from the actual phase 
drfference ^ is greater than z (^2 - c2 > ic). In this 
case, as seen in the figure, the Bctuat phase difference 
<^2 is within the degree N - 1, so the preset value N' is 
equal to N - 1. Figure 10 (c) illustrates a case in which 
the value obtained by sutitracbng the estimated phase 
difference e2 from the actual phase difference ^2 is less 
than (4>2 - c2 < -n). In this case, as seen in the fig- 
ure, the actual phase difference ^2 is within the degree 
M + 1, so the preset value N' is equal to ISJ + 1 . 
[0132] The calculation processor 28 oiriputs the 
preset value N' determined as alxave as the preset 
value RE to the integrator 27 in Figure 9. The integrator 
27 sets the preset value RE (that is. as the preset 
vafue of the integer N2. calculates the Y coordinate 
measurement value P2 as fdflows from the phase differ- 
ence ^2 from the phase comparator 26 and the integer 
N*. supplies this value P2 to the stage corrtroller 38, and 
thereafter performs the ordinary measurement opera- 
tion. 

P2 = [XJm) • N- + (XJm) {m^^)\ (3) 
[0133] As a result, the measurement value P2 of 
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the interferometer 87Y4 ends up returning substantially 
to the original value, and the measurement value of the 
interferometer 87Y3 is accurately transferred to the 
interferometer 87Y4. 

J0134] Thus, fn this example, in setting the preset e 
value for a first interferometer set up such that reflected 
light from a mirror surface is obtained aQain. a measure- 
ment value calculated from the measurement value of a 
second interferometer is utilized as an estimate for 
determining the degree inlerlerence (Ml or N2) of the »o 
first irterferometer, and the preset value of the degree of 
interference (Ml or N2) Of this first in-terferometer, and in 
turn the preset value of the interferometer measurement 
value, are determined on the basis of the estimated 
degree of interference and the phase difference (abso- rs 
lute phase) ^ measured with this firet interferometer. 
Here, the degree of interference N1 or N2 rs unKnown 
since the measurement beam temporarily diverges from 
the mirror surface, but because the degree of interfer- 
ence can be found by calculation from the measurement 20 
value of another interferometer, tho preset value for the 
interferometer can bo sot at the precision inherent in 
that interferometer. 

[01 35] If measurement error should creep into all of 
the measurement values at the start-up of the device or x 
for one reason or another, making it necessary to reset 
the measurement values for all of the imerferometers, 
then in Figure 9 a degree of N2 = 0 must be sent to the 
calculation prccoscor 28, and the output (preset value) 
RE(» 0) of the calculaton processor 28 must be eel in ao 
the integrator 27. In this case, just the value correspond- 
ing to the phase difference (absolute phase) <^2 ends up 
being set in the irrtegratar 27 (the Interferometer 87Y4). 
Similarly, the initial value of the intorferomotor 87Y3 cor- 
responds to the phase difference ^i . x 
[0136] The output P2 of the integrator 27 may also 
be fed back to the calculation processor 28 as neces- 
sary. H it is, then after the integrator 27 is reset, for 
instance, even the amount of displacement of the wafer 
stage up to the point when the reset value is set from 
the calculation processor 28 to the Integrator 27 can be 
set in the integrator 27 as a reset value. Here, since the 
reflected light from the wafer stage can be received, the 
initial setting can be more precise, takng into account 
the amoum of displacemerrt of the wafer stage up to the 4S 
poim when the reset value RE is set in the imegrator 27. 
[01371 Also, in this example, one of Iho measure- 
ment beams of the interferometers 87Y3 to 87Y5 nuist 
bo directed at the side surface 85Y of the wafer stage 
WST2 during the movemerrt of the wafer stage WST2. eo 
Accordingly, in this exanple. the interferometers are laid 
out such that the spacing between the measurement 
beams [such as the spacing DX2 of the measurement 
beams 92Ya and 92Y4. shown in Figure 8) win be 
Shorter than the width DX1 of the wafer stage WST2 in 5S 
the X direction. 

[0138] The setting of the initial valuos (preset val- 
ues) of the imerferometers is performed In the same 



manner for the interferometers 83X1 to 83X5 that are 
used to measure the positions of the reticle stages 
RSTi and RST2 in Figure 6» and the transfer of meas- 
urement values is can-ied out on the basis of this setting. 
[01 39] A heterodyne interference type of laser inter- 
ferometer is used in this example, but it should go with- 
out saying that the present invention is also a^licabte 
to measurement by fringe count method using a homo- 
dyne interference type of laser interferometer. 
[0140] Next, with the projection e^qxsure apparatus 
of this example, first and second conveyance systems 
for exchanging the wafers are provided between the 
wafer stages WST1 and WST2. The first conveyance 
system, as shown in Figure 11. performs wafer 
exchange as discuccod botow for the wafer stage WSTi 
at a wafer loading position on the left side. This first con- 
veyance system comprises a fir^ center-up 99 consist- 
ing of three vertically moving members provided on the 
wafer stage WSTI. and a first wafer loader including a 
first loading guide 96A extending in the Y axis direcft'on. 
first and second sliders 97A and 97C that move along 
this first loading guide 96A. an unloading arm 93A 
attached to the first slider 97A, a loading arm 9SC 
attached to the second slider 97C, and so forth. 
[0141] The operation of exchanging wafers with this 
first conveyance system will be briefly described. As 
shown in Figure 11 , the description here is for a case in 
which a wafer W1 ' on the wafer stage WSTI at the wafer 
unloading position on the left side is exchanged with a 
wafer W1 that has been conveyed by the first wafer 
loader. 

[01 42] First the main controller 90 turns off the vac- 
uum chucWng of the wafer holder (not shown) on the 
wafer stage WSTI to release the wafer wr. Than, the 
main controller 90 raises the first center-up 99 a specific 
amount via a center-up drive system (not shown). This 
lifts the wafer wr up to the required height. In this state 
the main controller 90 moves the unloading arm 98A 
directly under the wafer W1 ' by means of the wafer load- 
ing controller (not shown). In this state the main control- 
ler 90 lowers the first center-up 99 to a specific position 
and transfers ttie wafer WT to the unloading arm 98 A, 
after which the vacuum chucking of the unloading arm 
98A is commenced. Next the main controller 90 sends 
the wafer loading controller a command to start retract- 
ing tne unloading arm 98A and moving the loading arm . 
98C. This starts the unloading arm 98A moving in the - 
Y direction in Figure 1 1 , and when the loading arm 98C 
holding the wafer W1 is over the wafer stage WSTI , the 
vacuum chudong of the loading arm 98C by the wafer 
loading controller is released, and the first center-up 99 
is then ralced so that the wafer W1 is transferred onto 
the wafer stage WSTI . 

[0143] As shown in Figure 12, the second convey- 
anc9 system, which transfers wafers to and from the 
wafer stage WST2. is symmetrical to the first convey- 
arKe system, and comprises a second loading guide 
S6B. third and fourth sliders 978 and 970 that nrv>ve 
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along this 9Sb. an unloading arm 93B attached to th© 
third slider 97B. a loading arm 98D attached to the 
fourth slider 97D. and so forth. The wafsr W2' to be 
exposed next is held by the loading arm 98D. 
[0144] Parallel procecsing using the two wafar s 
stages WSTl and WST2 ot the projection exposure 
apparatus of this example wilt now be described 
through reference to Figures 1 1 and 12. 
[0145] Figure 11 is a plan view of the state in which 
wafer exchange is performed between the wafer stage io 
WST1 and the first conveyance system as described 
above while the wafer W2 on the wafer stage WST2 is 
being exposed by the projection optical system PLi. In 
this case, an alignment operation is performed on the 
wafer stage WSTl as discussed below immediately 75 
after the wafer exchange. In Figure 1 1 . the position of 
the wafer stage WST2 during the exposure operation is 
corYtrolled on the basis of the measurement values of 
the measurement beams 92X5 and 92Y3 of the interfer- 
ometer system, and the posibon of the wafer stage 20 
WSTl where the wafer exchange and alignment opera- 
tions are being carried out is controlled on the basis of 
the measurement values of the measurement beams 
92X2 and 92Y1 of the interferometer system. Accord- 
ingly, the main controller 90 in Figure 5 sends a com- 25 
mand to the stage controller 38 to execute the Initial 
selling (presetting) of the above-mentioned measure- 
ment values of the interferometers prior to tho wafer 
exchange and alignment operations. 
[0146] Wafer exchange and the setting of the Initial so 
values of the interferometers ere followed hf search 
alignment. Search alignment performed after wafer 
exchange consists of prealignment that is performed 
again on the wafer stage WST1 because the positional 
error is still large wfih Just the prealignment performed S5 
during the convey»ice of the wafer WT . In more specific 
terms, the positions of three search alignment marks 
(not shown) formed on the wafer W1 placed on the 
wafer stage WSTl are measured using the LSA sen- 
sors or the 1 ike of the alignment system 88A in Fi gur e 5, 40 
and the wafer Wl is positionad in the X Y and 9 direc- 
tions on the basis of these measurement results. The 
operation of the various comporerte in this search 
alignmerrt is controlled t3y the main controller SO. 
[0147] Ufxxi completion of this sean:h alignment as 
fine alignmem is performed, in which the layout of the 
various shot regions on the wafer W1 is determined, by 
EGA (Enhanced Global Alignment) in this casa More 
specifically, while managing tho position of the wafer 
stage WSTt. the interferometer syclem (measurement so 
beams 92X2 and 92Y1) use the FIA sensors or tho liko 
of the align n>ent system 88 A in Figure 5 to measure tho 
afignmerrt mark positions of a specHic shot region (sam- 
ple shot) on the wafer Wl white also successively mov- 
ing the wafer stage WSTl on the basis of the designed ss 
shot layout diata (alignment mark position data), and all 
of the shot layout data are calculated by stabstical com- 
putalion by least squares method on the basis of this 



measurement result and the designed coordinate data 
for shot layout. The operation of the various compo- 
nents in this EGA fine alignment is controlled by the 
main controller 90. and the atwe-mentionod computa- 
tion is performed by the main controller 90. 
[01481 While the wafer exchange and alignment 
operations are being performed on the wafer stage 
WSTl side, double exposure is performed on the wafer 
stage WST2 side by continuous step-and-scan method 
using two reticles R1 and R2 and while varying the 
€9?>osure conditions. 

[0149) In specific terms, fine alignment is earned 
out by EGA ahead of time just as on the wafer Wl side 
as discussed above, and the shot regions on the wafer 
W2 are Eucceesivoly moved under the optical axis of the 
projection optical system PU on the basis of the shot 
layout data for the wafer W2 thus obtained, aftor which 
scanning exposure Is performed by the synchronous 
scanning of the reticle stage RST1 (or RST2) and the 
w^fer stage WST2 in Figure 6 in the scanning direction 
every time a shot region is exposed. This exposure of all 
the shot regions on the wafer W2 is carried out continu- 
ously, even after reticle exchanga The specific expo- 
sure procedure in double exposure is as follows. The 
various shot regions on the wafer W2 are successively 
sut)jectad to scanning exposure using the reticle R2, 
after wNch the reticle stages RSTi and RST2 are 
moved a specific amount In the +Y direction to set tie 
reticle Rl at the approach staaing position, after which 
scanning exposure is performed. Here, the exposure 
conditions (the illumination conditions such as zonal illu- 
mination or d€fforma1ion iltumination. the amount of 
6S(posure light, etc.) are different for the reticle R2 and 
the reticle R1, so the conditions must be altered ahead 
of lime according to the exposure data and so forth. The 
operation of the various componerrts during this double 
exposure of the wafer W2 is also controlled by the main 
controller 90. 

[0150] When the above-mentioned exposure 
sequence and the wafer exchange and alignment 
sequence are performed in parallel on the two wafer 
stages WSTl and WST2 shown in Rgure 1 1 , the wafer 
stages, which are finished first enter a etand-by state, 
and at the point when both operations are complete, tho 
wafer stages WSTl and WST2 are moved to the posi- 
tion shown in Figure 12. Wafer W2, virtiich has under- 
gone the exposure sequence on the wafer stage WST2, 
is exchanged for another wafer at the loading position 
on the right side, and the wafer Wl. which has under- 
gone the alignment sequence on the wafer stage 
WSTl , is subjected to the exposure sequence under 
the projection optical system PLi. The above-men- 
tionod wafer exchange operation and alignment 
sequence are carried out at the loading position on the 
right side in Figure 12 in the same manner as at the 
loading position on the left side. 
(0151] Thus, in this example, while the two wafer 
stagoG WSTl and WST2 are indep9r\demly moved two- 
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dimensionally, the wafers W1 and W2 on these waicr 
stages are subjected to the exposure sequence and the 
wafer ^change and alignment sequence in parallel, 
and this increases throughput. Hew/ever, when two 
wafer stag es a re used to perform two operations in par- 5 
allal, the operations conducted on one of the wafer 
stages can sometimes become a source of distuft»anca 
and affea the operations conducted on the other wafer 
stage. On the other hand, there are ajso operations con- 
ducted on one of the wafer stages that do not affect the to 
operations conducted on the other wafer staga In view 
of this, in this example, the operations thai are per- 
formed in parallel are divided into operations that 
become a source of disturbance and ope/ab'ons that do 
not and the various operations are timed so thai opera- 1$ 
lions that become a source of disturbance, or opera- 
lions that do not become a source of disturtsance. are 
performed at the same tima 
[0152] For instance, during scanning exposure, in 
addition to ensuring that the synchronous scanning of 20 
the wafer W1 and the reticles Rl and R2 at the same 
speed does not become a source of dis;turfoance, every 
effort must also be nnado to eliminate other sources of 
disturbance. Acoordingty. the scanning exposure over 
one of the wafer stages WST1 is timed so that the align- 2s 
ment sequence performed on the wafer W2 of the other 
wafer stage WST2 will be in a stationary state during 
this period. Specif ically. measurement in the alignment 
sequence is performed with the wafer stage WST2 sta- 
tionary, GO it is not a source of disturbance for the scan- so 
ning esxposura allowing mark measurement to be 
performed in parallel during scanning exposure. Mean- 
while, the alignment sequence Involves ur^itorm ntttion 
during scanning exposure, so there is no disturbance 
and high-predslon measurement is possible. ss 
[0153] The same is possible during wafer 
exchanga In particular, vibration and the like produced 
when a wafer is transferred irom a loading arm to a 
center-up can become a source of distuitoarce. so the 
transfer of wafers may be matched to the acceleration 40 
and deceleration (which are sources of disturt^ance] 
before scanning exposure or before and after synchro- 
nous scanning. This timing, is performed by the main 
controller 30, 

[0154] Furthermore, in this example higher resolu- 4S 
lion and greater DOF (depth of focus) are obtained 
because double exposure is performed using a plurality 
of reticles. This double exposure method, however, 
requires that the exposure step be repeated at least two 
times, so when a single wafer stage is used, there is a so 
rmrked drop in throughput because exposure takes 
longer. Using a projection exposure apparatus 
equipped with two wafer stages as In this example, how- 
ever, greatly improves throughput^ and higher resolution 
and greater DOF (depth of focus) are also achieved. ss 
KM 55] The scope ot the present invention is not lim- 
ited to this, and the present invention can also be 
applied favorably when exposure is effected by single 



exposure method. Using two wafer stages allouvs the 
throughput to be nearly doubted over that when single 
exposure is performed using just one wafer staga 
[0156] In this second embodiment, a measurement 
stage for measuring the state of the exposure light or 
the imaging characteristics may be further provided as 
in the first embodiment. In this example the wafer 
stages are driven by a combination of one-dimensional 
motors, but they may also be driven two-dimenslonally 
by a planar motor as in the first embodiment 
[0157] The projection exposure apparatus of this 
embodiment can be manufactured by asscmblrrg the 
reticle stages RST (RSTi and RST2) and the wafer 
stages WST (WST1 and WST2). which consist of 
numerous mechanical parts, optically adjusting the pro- 
jection optical system PL (PL1). which is made up of a 
plurality of lenses, and then making overall adjustments 
(electrical adjustments, operation checte, etc.). 
[0158] The projection exposure apparatus is prefer- 
ably manufactured in a dean room where temperature, 
deanliness, and so forth are managed. 
[0159] In the above embodiments the present 
invention was applied to a step-and-scan type of projec- 
tion exposure apparatus, but the present invention is not 
limited to this, and can be similarly applied to a step- 
and-repeat typo of projection exposure apparatus, a 
proxir7% type of eotposuro apparatus, an exposure 
appamius in which EUV light such as X rays is used as 
the exposure beam, or a charged particle beam expo- 
sure apparatus in which an electron beam (energy 
beam) is used as the light source (energy beam). iMor is 
the inverrtion limited to an e)9X95ur9 apparatus, and an 
inspection apparatus, repair apparatus, or the like that 
uses stages to position wafars or the like may be used 
instead. 

[01 GO] Applications of the exposure apparatus are 
not limited to an exposure apparatus used for manufac- 
turing semiconductors, and the present invention can 
be applied to a wide range of apparatus, such as a liquid 
crystal exposure apparatus for exposing a square glass 
ptata in a liquid crystal display elerrent pattern, or an 
eacposure apparatus for manufacturing thin film mag- 
netic heads. 

[01 61] Also, when linear motors are used for the 
wafer stages or reticle stages, the movable stages may 
be supported by any method, such as air levitation 
using air bearings, or magnetic levrtation. The repulsive 
force generated by the movement of the wafer stage 
here, for example, may bo mechanically diverted to the 
floor (grourxl) using a frame member as discussed in 
Japanese Patent Application Laid-Opon No.8-l66475 
(USP 5,528,1 18). Meanwhile, the repulsive force gener- 
ated by the movement of the reticle stago may be 
mechanically diverted to the floor (ground) using a 

framo member as discussed in Japanese Patent Appli- 
cation Laid-Opon Naa-330224 (US Patent application 
No.oa/41 6,556). These repulsive forces may also be 
canceled out by a countertMlance system using the law 
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of conservslion of momentum. 
[0162] When a semiconductor device rs manufac- 
tured on a wafer using the eiqDOSure apparatus in one of 
the above enrt)odiments, this semiconductor device is 
manufactured by a method indudirtg a step in which the $ 
functions and performance of Ihe device are designed, 
a step in which a retide is manufactured on the basis of 
the first step, a step in which a wafer is fabricated from 
a silicon material, a step in which the wafer Is exposed 
in the pattern of the retide with the exposure apparatus ro 
In one of the above embodiments, a device assembly 
step (induding di© sinking, bonding, and packaging), an 
inspection step, and so forth. 
[0163] Finally, tfie present invention is not fimiled to 
the above embodiments, and can of course have a vari- is 
ety of structures without excooding the essence of the 
present invention. Also, all of tho contonto discloced in 
Japanese Pelent Application 9-364493. filed on Decem- 
ber 18. 1997, and Japanese Patent Application 10- 
339789. ffled on November 30. 1998. Induding the 20 
Specification, Claims, Drawings, and Abstract, are 
quoted essentially vertiatim and are incorporated hore- 
into by reference. 

INDUSTRIAL APPLICABILITY £S 

[01 sa] With the first stage device of the present 
inventica a movable stage is provided for each Individ- 
ual function or for each of a specific plurality of function 
groups, which allows each movatale stage to be nrtore 3o 
conrpoct and to be driven faster and more precisely. 
Also, a plurality of movable stages can each be moved 
over a range larger than the measurement range of a 
first measurement system, and when each movable 
stage enters the measurement range of this first meas- 3S 
urement system, the position of that movable stage con 
be measured by the first measuremerrt system at high 
precision and with good reprodudbility. 
[01 65] With the second stag e device of the pr esenc 
invention, the positions of a plurality of movable stages 
can be measured over a wide measurement ranges, at 
high predsion, and with good reprodudbility. Through- 
put is also increased because the positions of the mov- 
able stages can be measured at high predsion by the 
first measurement system merely by matching the 4S 
measurement result of the first measurement system to 
the measuremertt result of the second measurement 
system. 

[0166] The first exposure appanatus of the present 
invention is equipped with the stage device of the so 
present invention, so when the position of the movable 
stage thereof is measured by an Interferometer, for 
exanple. the movable mirror can be made smaller than 
the range o! movement of thfe movatrie stage, and the 
weight o* this movable stage can bo reduced. It is there- ss 
fore easier to move this movable stage at high cpeed, 
exposure can be peffbrmed at a high throughput using 
a double exposure method or the like, and better resoiu- 
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tion and depth of focus can be achieved. 
[0167] With the second exposure apparatus of the 
present invention, only the minimum fundions required 
for exposure are given to a first movable stage that is 
used for the original purpose of exposure, and this 
allows the size of this first movable stage to be kept to 
the required minimum, so the stage can bo more oom- 
paa and lightweight, and throughput is increased. 
Meanwhile, characteristic measurement apparatus for 
measuring the characteristics in the transfer of the mask 
pattern, which are not directly required for eotposure. are 
mounted on a second movable stage, allowing charac- 
teristics to be measured in the transfer ol the mask pat- 
tern. Also, because this exposure apparatus is 
equipped with the stage device of the present invention, 
the positions of its plurality of movable stages can be 
measured at high predsion. 

[0168] Wilh the third exposure apparatus of the 
present invention, one of a plurality of movaWe stages 
can be used to perform an exposure operation while 
another movable stage handles the conveyance and 
alignment of the substrates, which increases through- 
put. 

[0169] With the fourth exposure apparatus of the 
present invention, only the minimum functions required 
for &q305ure are given to a first movable stage that is 
used for the crigina) purpose of exposure, and this 
allows this f'rst movable stage to be more compact and 
lightweight, and throughput is increased. Meanwhile, 
characteristic measurement apparatus for measuring 
the imaging charactehstics of tho projection opticaJ sys- 
tem, which are not directly required lor exposure, are 
mounted on a second movable stage, allowing Imaging 
characten'ctics to be measured. 
[0170J With the first positioning method of the 
present invention, the positions of a plurality of movable 
stages are measured and the stages positioned quickfy 
and at high predsion. Similarly, with the second posi- 
tioning method of the present invention, the positions of 
a plurality of movable stages are measured and the 
stages positioned quickly and at high precision. 
[0171] With the thinJ stage device of the present 
invention, positions can be measured at high precision 
by interferometer method over a range that is wider than 
the width of the nnovable mirror (or an equivalent mirror 
surface), and as a result, the mewing componems (mov- 
able stages) can be more compact. An exposure appa- 
ratus equipped with this thind stage device can drive a 
movable stage at a high speed, so the throughput of the 
exposure step is increased. 

[0172] A method for manuiacturing a device using 
the above-memioned exposure apparatus of the 
present invention allows a high-funcbon semicondurtor 
device or the fike to be mass produced at a high 
throughput 
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Claims 

1 . A stage devrtcd, comprising : 

a plurality of movable stages disposed on a s 
certain nrtovemeirt plane so as to be movable 
independent/ of each othet ; 
a first measurement system which measures 
within a predetermined measuremsnt range a 
position of one of the plurality of movable io 
stages: and 

a second measurement system which meas- 
ures an amourrl of positional deviation d each 
of the pluraJity of mcn/able stages from a prede- 
t» mined reference position within the prede- is 
ter mined measurement range, or a degree of 
coircidence of each of the plurality of movable 
stages with respect to the reference position; 
wherein a measurement value obtained with 
the first measurement system Is con-ected on so 
the basis of a measurement result of the sec- 
ond measurement system. 

2. A stage davice. comprising ; 

25 

a plurality of movable stagec disposed in a cer- 
tain movement plane so as to be mosrable inde- 
pondonily of each other; 
a first measurement system which measures 
within a find measurement range a posiSon of so 
one of the plurality of movable stages: 
a CQCond measurement system which continu* 
ousfy moasurir^ positions of the plurality of 
movable stages wHhin a second measurement 
range partially overlapping the first measure- ss 
ment range; and 

a control system which corrects the measure- 
ment results of the first and second measure- 
ment systems on the basis of the measurement 
resurts of these two measuremertt systents. 4o 

3. The stage device according to Claim 2, wherein the 
first measurement system is an interferometer, and 
the second measurement system is a pluraJity of 
irrterfcrometcrs which have successively and par- 4S 
tially Overlapping ranges of moacurement 

4. An oqsosure apparatus provided wi^ the stage 
device according to Claim 1. 2, or 3. wherein masks 

on which mutually different patterns are fomned ere so 
placod on the plurality of movable stages of the 
stage device, and the patterns of the mask on the 
plurality of movable stages are alternately trans* 
tarred onto a substrate while being positioned: 

55 

5. An sofposure apparatus provided with tho £tage 
device according to Claim 1, 2. or 3, wherein a 
mask is placed on a first movable stage among the 
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plurality of movable stages of the stage device, a 
characteristic measurement apparatus which 
measures characteristics in transfer of a pattern of 
the mask is placed on the second movable stage, 
and the pattern of the mask is transferred onto a 
sutistrate. 

6. An exposure apparatus provided with the stage 
device according to Claim 1, 2, or 3, wherein a sub- 
strate is placed on each of the plurality of movable 
stages of the stage device, and the plurality of sub- 
strates are aiiemately exposed with mask patterns 
while the plurality of movable stages are alternately 
positioned at a exposure position. 

7- An eiqaocure apparatus provided with the stage 
davice according to Claim 1 , 2. or 3 and a projection 
optical system, 

wherein a substrate is placed on the first movable 
stage of the plurality of movable stages of the stage 
device, a characteristic measurement apparatus 
which measures imaging characteristics of the pro- 
jection optical system is placed on the secorxi mov- 
able stage, and the substrate on the first movable 
stage is exposed with a mask pattern via the projec- 
tion optical system. 

8. A positioning method that makes use of the stage 
device according to Claim i. wherein when one of 
The plurality of movable stages enters the measure- 
ment range of the first measurement system, tho 
amount of positional deviation of the one movable 
stage from the reference position wKhIn the meas- 
urement range, or the degree of coinddenco of tho 
one movable stage with respect to this reference 
position, is measured by the second meacuroment 
system, and a measurement value obtained with 
the first measurement systom is corrected on the 
basis of a measurement result of the second meas- 
urement system. 

3. A positioning method that makes use of the stage 
device according to Claim 2 or 3. wherein when one 
of the plurality of movatJe stages enters the first 
measurement range from tho second measurement 
range, the position of the one movable stage is 
simultaneously measured by the first and second 
measuremerrt systems, and a measurement result 
of the first measurement system is matched on tho 
basis of the measurement resuh of the position to a 
measurement result of the second measurement 
system. 

iOl a Stage device conphsing a movable stags that Is 
movable at a predetermined degree of freedom; 

an interferometer system which measures an 
amount of displacement of tho movable stage 
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by directing a measuremerrt fight at the mova- 
blo stage and causing a reflected tight thereof 
to inlciterc whh a reference light, wherein the 
interferometer system has a plurality of meas- 
urement axes of tho measurement light and is $ 
disposed such that even H one of the ptuf ality of 
measurement axes diverges from the movable 
stage, the amount of displacemsrrl can still be 
measured by another measurement a>3G: and 
a signal processing system with which, when w 
The one measurement axis changes from the 
state of diverging from the movable stage to a 
state of irradiatrng the movable stage, a degree 
of interference of the one measuremerrt axis is 
estimatod FnDm a measurement result for the is 
another measurement axis, and an Initiai value 
of the one measurement axis is sat on the 
basis of the estimated degree of interference 
and a phase measured with the one measure- 
ment axis. 30 



11. The stage device according to Cteim 10. wherein 
the interferometer system measures the amourrt of 
drsplacemem of the movable stage in the form of 
H^MN + M^c)) with each oi the pfuralrty of meas- 35 
uremem axes, where f(X) is a function of the wave- 
length X of the measurement light. N is an imeger 
indicating the degree of interference, and ^ is the 
phase. 

30 

12. The stage device according to Claim 10 or n, 
wherein the intefferometer system further has a 
plurality of measurement axes adjacent to each 
other, which measure an angle of rotation of the 
nnovable stage. ss 

13. The Stage dcvi CO according to Claim 10. 11, or 12. 
wherein the interferometO' system is a heterodyne 
interferenco type of laser interferometer 

14. A positioning method thai makes use of the stage . 
device according to any of Claims 10 to 13, com- 
prising: 

estimating the phase of the one measurement 46 
axis from the measurement values of tho 
another measurement axis in the estimation of 
the degree of interfa'ence of the one measure- 
ment axis from the measurement values of the 
other measuremerrt axis; so 
comparing the ost' mated phase to the phase 
measured tor the one measurement axis; and 
correcting the degree of interference of the one 
measurement axis on the basis of this compar- 
ison resLitt 55 

15. An exposure apparatus provided with the stag© 
device according to any of Claims 10 to 13. which 



48 

transfers a mask pattern onto a substrate, wherein 
the stage device is used to position the mask or the 
substrate. 

16. A method which manufactures a device ising the 
exposure apparatus according to any of Claims 4 to 
7 or 15. including a step of transferring a mask pat- 
tern omo a substrate using the exposure apparatus. 



so 



55 
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